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CLINICAL INTOXICATION WITH POTASSIUM: 

ITS OCCURRENCE IN SEVERE RENAL INSUFFICIENCY 

By Norman M. Keith, M. D., 

AND 

Howard B. Burchell, M. D., 

ROCHESTER, MINNESOTA 
(From tlie Dhdsion of Medicine, Mayo Clinic) 


The thought of potassium producing 
intoxication within the human body 
suggests a paradox. Why should tlie 
potassium ion, a normal ingredient of 
human food, a necessary constituent 
of many body cells and the basic rad- 
ical of several useful therapeutic salts, 
become a toxic agent? More than 100 
years ago, however, it was learned tliat 
potassium salts, when injected rapidly 
into a vein of an animal, could cause 
toxic and even fatal' effects on the 
heart.® Arden^ in 1934 also observed 
that after the ingestion of a very large 
dose of a potassium salt by a normal 
person, paresthesias developed in the 
extremities. Botli tliese experimental 
findings suggested tliat a rapid increase 
of the concentration of potassium in 
the blood might be a factor in the 
development of toxic action. In 1938, 
Winkler, Hoff and Smith®” devised and 
carried out fundamental injection ex- 
periments in animals, which clearly 
confirmed a direct relationship between 
a rapid rise of serum potassium and ab- 
normal -alterations in the electrocardio- 
Cram. Confinnation of a similar rela- 

O 


tion was made by Thomson in 1939 
in a patient suffering from Addison’s 
disease. Thomson therefore cautioned 
against the administration of potassium 
salts in cases of Addison’s disease and 
subsequently also advised restriction of 
their use in cardiac and renal disease. 

In 1932 a group of us became in- 
terested in tlie use of potassium salts in 
patients in whom edema had developed 
during the course of Bright’s disease. It 
soon became ewdent that moderate!}' 
large doses of potassium salts could be 
ingested by many of these patients 
without apparent toxieit)'.^' However, 
in 1939, we noted in a patient suffering 
from serious uremia, a correlation be- 
tween a rapidly inereasing concentra- 
tion of ^lotassium in blood senim and 
the development of distinctly abnormal 
changes in the electrocardiogram. In 
many respects these alterations in the 
electrocardiogram and serum concen- 
tration of potassium were comparable 
to the experimental results of Wfinklcr 
and his associates^®'®” following intra- 
venous injection of a potassium salt. 
Our patient died within 24 hours of the 

( 1 ) 
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last observations and death was attri- 
buted to cardiac standstill due to potas- 
sium intoxication^® It was significant 
that our patient at the time of these 
observations was , ingesting very little 
food and no potassium salts. Two fac- 
tors seemed to be causing the rapid 
rise of the concentration of potassium 
in the serum; (1) the continuous pas- 
sage of potassium from stores in body 
tissues into the blood stream, and (2) 
decreased excretion by the kidneys. 

Similar results have been observed in 
patients suffering from uremia by Finch 
and Marchand and co-workers®'®*^® and 
by Bywaters.^ In 1946 Govan and 
Weiseth^^ reported potassium intoxica- 
tion in an infant who had summer 
diarrhea and was receiving therapeutic 
injections of potassium chloride. Tire 
changes in the electrocardiogram and 
serum concentration of potassium were 
very similar to those noted in cases of 
uremia. Fortunately, the cardiac dys- 
function was not irreversible and appli- 
cation of remedial measures soon re- 
sulted in the infant’s recovery. 

The relative rarity of the develop- 
ment of potassium intoxication even in 
severe uremia led us to investigate the 
potassium tolerance in a series of 10 
such cases.^® The interesting result of 
die study was that in only a single case 
did there develop temporary alterations 
in the electrocardiogram which were 
indicative of potassium intoxication. A 
few patients complained of paresthesias 
in the extremities. On the other hand, 
in 1 case tire cur\'e of the serum potas- 
sium was normal. Tliis latter result, in 
addition to other facts observed in 
cases in which uremia had developed, 
affords considerable e^ndence that at 
times in uremia the tissue stores of 
potassium may be reduced. 

During a period of 7 years, October, 
1939, through September, 1946, a group 
of us were directing the care and treat- 
ment of a considerable number of 


patients who had renal disease and 
uremia. In a small percentage of these, 
in fact 13 patients, hyperpotassemia 
was observed.^® In each patient, our 
studies included the degree of uremia, 
extent of hyperpotassemia, electrocardi- 
ographic tracings and effects of treat- 
ment. Necropsy of 10 of the patients 
also afforded a possible correlation be- 
tween observed dysfunction and path- 
ologic alterations in the heart. 

Up to the present time, studies of 
potassium intoxication have been chief- 
ly limited to its occurrence in Addi- 
son’s disease and Bright’s disease. Most 
of the reported cases of potassium 
toxemia and the 13 cases in the present 
series occurred during serious phases 
of renal insufficiency.®® Our chief aims 
in this report are to stress the definitive 
findings of potassium toxemia, to dis- 
cuss in some detail the abnormal elec- 
trocardiographic patterns and to indi- 
cate therapeutic measures that may 
possibly alter the toxemia. 

Methods of chemical analysis: In the 
present study the concentration of urea in 
whole blood was determined by the method 
of Van Slvke and Cullen^s and that of 
creatinine in whole blood was determined by 
the method of Folin.^®. The concentration of 
potassium in blood serum was determined 
by the method of Kramer and TisdalFl as 
modified by Osterberg in a majority of the 
patients. In our hands this modification has 
checked wth gravimetric procedures. In a few 
patients the method of Hartzler was employed. 
The concentration of calcium in blood serum 
was determined by the method of Clark and 
Collip®. 

Clinical and chemical observations. 
Our series of 13 cases included acute, 
subacute and chronic forms of bilateral 
diffuse nephritis. All our patients died 
and the clinical diagnosis was con- 
firmed at necropsy in 10 cases. Uremia 
was always present when potassium in- 
toxication occurred. The hyperpotasse- 
mia (the concentration of potassium be- 
ing 7.7 to 10.5 milliequivalents per liter 
of serum) and characteristic electro- 
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cardiograpliic alterations were associ- 
ated with elevation of the concentra- 
tions of urea and creatinine in the 
blood. These varied from 74 to 540 
and from 4.1 to 31.3 mg. in 100 cc. of 
blood respectively (Table 1). Potassi- 
um salts were administered as diuretic 
agents to 3 of our patients, 2 of whom 
had edema, and toxic eflEects resulted. 
Small test doses of 5 gm. of potassium 
bicarbonate were ingested by 2 other 
patients. The subsequent effect of po- 
tassium was studied specifically with 
regard to die increase of serum potas- 
sium and possible changes in the elec- 
trocardiogram. The serum potassium 
increased to 8.6 to 9.5 milliequivalents 
per liter and in 1 patient the increase 
was accompanied by abnormal QRS 


3 

hands and feet of a few of our patients 
soon after they had ingested potassium 
salts. Our practice in a suspected case 
was to estimate the serum potassium 
and, if it was elevated, to obtain elec- 
trocardiograpliic tracings. However, in 
certain instances a chance electrocardi- 
ogram gave us our first evidence of in- 
toxication. Usually the hyperpotassemia 
and characteristic alterations in the 
electrocardiogram were of short dura- 
tion because in our patients they usual- 
ly occurred during tlie terminal stage 
of uremia. Time for instituting remedial 
measures was of necessity brief. By- 
waters^ noted in his patients suffering 
from the crush syndrome that tlie 
administration of glucose solution and 
insulin temporarily bettered the elec- 


Table 1,~Potassium Intoxication in 13 Cases of Renal Insufficiency with Uremia: Concentra- 
tions or Certain Constituents of Blood 


Diagnosis'’ 

Patients 

Age, 

ydars 

Subacute glomerulonephritis 

2 

17 

Chronic glomerulonephritis 

7 

20-55 

Acute pyelonephritis 

1 

43 

Chronic pyelonephritis 

2 

17-36 

Chronic passive renal congestion 1 

“Pathologic diagnosis in 10 cases. 

61 


complexes in the electrocardiogram, al- 
though in neither case did any serious 
symptoms or clinical signs of intoxica- 
tion develop. The implication is clear 
that the administration of potassium 
salts to patients who had severe renal 
insuflBciency might be a dangerous pro- 
cedure. 

The detection of potassium intoxica- 
tion was sometimes difficult. There were 
no characteristic clinical signs of toxe- 
mia in our series and potassium intoxi- 
cation occurred at markedly different 
degrees of uremia. Finch and his asso- 
ciates®’***”® reported the occurrence of 
flaccid paralysis of tlie extremities in 2 
of tlieir patients. Neither tliis symptom 
nor other objective neurologic abnor- 
malities were observed in our patients. 
We did, however, note tlie develop- 
ment of temporary paresthesias in tlie 


Blood urea, Blood creatinine, Serum potassium, 
mg. per 100 cc mg. per 100 co mEq per liter 


lGO-148 6.4 8.5-8. 6 

150-540 4.1-31.3 7.7-10 5 

332 17.5 7.8 

74-291 6.5-21.0 8.7-9. i 

142 4.8 8.7 


trocardiographic pattern. Finch and 
Marchand® also demonstrated that tlie 
electrocardiogram characteristic of po- 
tassium intoxication could be altered 
and approach a normal pattern after 
the injection of calcium salts or of a 
solution of sodium chloride. But if seri- 
ous renal insufficiency continued, the 
jiatterns of potassium toxemia recurred 
and the patient succumbed with the 
development of cardiac standstill. Tlie 
case of tlie infant, reported by Govan 
and Weiseth,^* in which acute potassi- 
um intoxication developed, is a good 
example of the value of applying 
knowledge obtained during the tenni- 
nal stage of a disease to tlie treatment 
of acute into.xication. In this instance 
the administration of calcium glucon- 
ate, glucose solution and a transfusion 
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of whole blood brought about a rapid 
recovery. 

For some years our usual treatment 
of patients suffering from severe uremia 
consisted of rather large daily intra- 
venous infusions of solutions containing 
glucose, sodium chloride, sodium bi- 
carbonate and -whole blood. Often tem- 
porary improvement followed their ad- 
ministration. In the light of the experi- 
ence of Bywaters, ^ of Finch and Mar- 
chand®’® and of Govan and Weiseth,^^ 
it is reasonable to suggest that the in- 
frequent occurrence of potassium in- 
toxication in our patients who had 
uremia might be because of the use of 
beneficial intravenous therapy. In addi- 
tion to routine intravenous medication, 
we studied the effects of calcium in 2 
patients. The immediate result was a 
remarkable change in tire electrocardio- 
grams to a more normal configuration. 
Further studies along similar lines are 
contemplated. 

Electrocardiographic changes. Refer- 
ences have already been made to the 
important role that electrocardiography 
has played in the recognition of potas- 
sium toxicity both clinically and in the 
experimental laboratory. Though the 
potassium ion may play an important 
role in the membrane potentials of the 
myocardial fibers, it is surprising to a 
clinician that tire electrocardiogram 
should be found to be such a sensitive 
indicator of changes in the emiron- 
mental potassium of tire heart. It should 
be emphasized that the sequence of 
electrocardiographic changes may be 
practically specific for potassium into.xi- 
cation, wlrxle any one electrocardiogram 
of the sequence might fall into tire 
range of normal or be only suggestive. 

Unfortunately from the pharmaco- 
logic weu'point, it has not been possi- 
ble in the majority of patients wntli 
changing levels of serum potassium, to 
study the effect of this variable alone 
as, in particular, coexisting disturbances 


of serum pH, serum sodium, serum 
calcium, serum phosphorous and car- 
bohydrate metabolism may be present. 
However, it would seem that the in- 
creases of T wave voltage in normal 
subjects’^® and in some patients with 
renal disease following the ingestion of 
potassium salts^® are rather pure effects. 
From such studies it would be reason- 
able to assume that the opposite elec- 
trocardiographic effect seen with low 
serum potassium in familial periodic 
paralysis would be a pure effect. On the 
other hand, while the hypopotassemia 
of diabetic acidosis under treatment 
and the hyperpotassemia of Addison’s 
disease assuredly contribute to electro- 
cardiographic changes, other variables 
are operative and the electrocardi- 
ograms may not be of die suggestively 
diagnostic type. In diabetic coma treat- 
ed with large amounts of saline solution 
and insuhn, cardiovascular effects may 
be outstanding in die pronounced hypo- 
potassemic crisis but the electrocardio- 
graphic sequences are often not charac- 
teristic. 

With the development of toxic con- 
centrations of serum potassium, the 
characteristic electrocardiographic 
changes are, in general, in the foUoxving 
order of appearance: (1) increased 
height of the T wave, with steeply as- 
cending and descending limbs produc- 
ing a T wave with narrow base and a 
pointed apex; (2) increased intraven- 
tricular conduction time— a QRS of in- 
creased widdi; (3) loss of P waves; (4) 
gross intraventricular conduction de- 
fects, the electrocardiogram superfic- 
ially simulating bundle-branch block; 
(5) cardiac arrest with irregular undu- 
lating potentials of low voltage. 

Figures 1 througli 6 illustrate various 
electrocardiograpbic features of potas- 
sium intoxication. 

Cardiac irregularities of an atypical 
heart block form have been recorded 
by Marchand and Finch®® but have not 
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been observed in our series of cases. 
There is a crude correlation bet'ween 
the late marked electrocardiographic 
abnormalities and the serum potassium 
levels but it is not felt that any definite 
electrocardiographic picture may be 
exactly predicted at a specific serum 
potassium level. The serum level of 
other cations, particularly calcium, is 
important and the electrocardiograms 
may return to\vard normal after injec- 
tion of calcium, the serum potassium 
remaining unchanged' (Fig. 5, patient 
R. D. ). QRS widening has usually ap- 
peared before loss of the P wave, some- 
times to ratlier a marked extent (Fig. 
4, patient T. L. ). Whether the disap- 
pearance of the P wave is representa- 
tive of a true auricular standstill re- 
mains undetermined. 

Tlie exact significance of the mark- 
edly widened QRS needs much further 
study. While most of our tracings of this 


type and those of otliers simulate the 
picture of a right branch block, more 
detailed electrocardiographic evidence 
will need to be collected before conclu- 
sions that such a simple block was 
present are justified. It may be impossi- 
ble to make decisions on tliis matter 
without an endocardial or cavity poten- 
tial recording, which is attended by 
some difficulty in patients in a very ill 
state. Our findings on tlie QT interval 
in hyperpotassemia are difficult to in- 
terpret because of the associated meta- 
bolic disturbances. The very long QT 
intervals have characteristically been 
associated with hypocalcemia, which 
relationship is a long-established 
one.-"''^'^’-® However, we have seen ab- 
normally high systolic indexes in pa- 
tients whose total serum calcium levels 
were normal and we tentatively hold 
the opinion that hyperpotassemia may 



12-9-41 


8:40 an. 10:15 an. 11:48 am 

12-11-41 

Serum K mEq 6.8 8.6 8.5 8.0 

Blood Urea ng. 
in 100 cc. 

Fig. 1. P. K. Elcctrocardiocrams taVcn on a man accd 17 yc.ars who had snhacnte plomcruloncphrith a.nd 

who was Riven 5 gm. of potassium bicarbonate. 






e 


KEITH, BHRCHELL: CLINICAL INTOXICATION WITH POTASSIIJJI 


be a factor in prolonging tire QT in- 
terval. 

Pathologic observations of the heart. 
Anatomic examination of tlie heart was 
made in 10 cases. The actual weights 
varied from a high normal, 240 gm., to 
a rather marked hypertrophy, 740 gm. 
Visible pericarditis was present in 3 
cases. Coronary sclerosis was graded 
slight to 1 (on the basis of 1 to 4, in 
which 1 designates the mildest and 4 
the most severe condition) in 7 cases 
and was graded 2 in 3 cases. In a single 
case there was an acute inflammatory 
lesion of the mitral valve. Routine his- 


heart. We and otliers have shown tliat 
acute fibrinous pericarditis, occurring 
so frequently during the course of ter- 
minal uremia, gives rise to distinctly 
different electrocardiographic changes 
from those due to potassium intoxica- 
tion.20.24.25 jt seems clear therefore that 
potassium can assert its toxic action on 
either normal or diseased cardiac tissue. 
Thus, our pathologic findings together 
witli the known experimental and 
clinical conclusions all support a toxic 
action which produces a functional 
rather than a structural alteration in 
the cells of tlie heart. 
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tologic study of the tissues of tlie hearts 
revealed few and as a rule only minor 
pathologic changes. 

These rather striking variations of 
heart weight indicate that potassium 
produces its effect on the heart in a 
manner not closely correlated to tlie 
weight of the myocardium. Tlie extent 
of sclerosis of the coronary' arteries, 
even the most marked, grade 2, could 
not be interpreted as necessarily inter- 
fering with tlie blood supply to the 

• by pcrmti’iion of Ihr authors and of 


Clinical and pathologic correlations 
with electrocardiographic findings. Tlie 
tracings in Figure 1 show a characteris- 
tic progressive rise of T wave voltage 
which, with the rise of serum potassi- 
um, has not returned to the control 
level after 3 hours. Necropsy was done 
December 27, 1941, IS days after elec- 
trocardiographic tracings were taken. 
Tlie heart xveighed 400 gm. Tliere was 
sclerosis graded 2 of a single branch of 

e Journal of Ctinical Inx-stigalion. 
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tlie coronary system, the left descend- It is to be noted tliat the first electro- 
ing artery. cardiogram in Figure S is in tlie normal 

The man whose electrocardiograms range in spite of the high level of scrum 
are given in Figure 2 was the first pa- potassium and the severe uremic state, 
tient whose electrocardiographic rec- although widi tlie know'ledge of th(? 
ords immediately suggested to us potas- hyperpotassemia one might wonder il 
sium intoxication. The progressive in- the QRS and T wave configurations 
creases of T wave voltage and of dura- had been altered by the high concentra- 
tion of QRS are illustrated. In the last tion of potassium in the serum. Four 
tracing a marked intraventricular con- days later T wave negativitv in jirac- 


VF 
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Fig. 3. V. F. A woman, aged 43 year.s, who had acute l>ilatcra\ inclom'iihritis. l-:i(ilroc.irdio"t,mi-. 
were taken on the p.atieiit during tlie fat.al uremia. 

duction defect and absence of P waves tically all leads had appeared. Tlie rc- 
are to be noted. In the lower graph, lationship of tliis change to the injcc- 
electrocardiograms of animals from the tion of a calcium salt that was gi\en 
paper of Hoff, Smith and Winkler^=" and the decrease of serum potassium is 
show a comparable sequence of electro- not clear. The tracing taken about S 
cardiographic changes widi increasing hours before death, howe\-er, shows a 
serum potassium levels. At necropsy in very characteristic late pattern of potas- 
our case tlie heart weighed 740 "gin. sium intoxication witli loss of P wa%e.s 
Definite acute fibrinous pericarditis was and a greatly increased duration of the 
present. Coronar)^ sclerosis was graded QRS complex. The tracing might per- 
1. The wall of the left venti-icle was haps be interpreted as right branch 
grossly hypertrophied. block but it is deemed unlikel)’ that 
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such a topical defect would be related 
to the hyperpotassemia. At autopsy the 
heart weighed 385 gm. The coronary 
sclerosis was graded 2. There were indi- 
cations of very early pericarditis. The 
myocardium was normal except for a 
mild infiltration of the epicardial sur- 
face by plasma cells, lymphocytes and 
a few polymorphonuclear leukocytes 


tials are to be noted and, while in these 
tracings tliey might be suspected of be- 
ing secondary to the changes in the 
QRS deflections, they are believed to be 
probably primarily related to the high 
serum potassium le\'els. The intraven- 
tricular block has developed in this 
case at relatively low serum potassium 
levels and it is to be noted that it has 
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The first tracings in Figure 4 are of 
normal configuration. The succeeding 
2 show progressive increase of the du- 
ration of the QRS, with normal sinus 
rhythm being retained. The intraven- 
tricular block does not conform to a 
t) pical bundle-branch pattern in the 
prccordial leads, although the incom- 
plete precordial exploration limits the 
('xlent of conclusions in this re- 
gard. The increased T wa\'e poten- 


progressed without further increment 
in serum potassium, these 2 features 
making the case unique in our expe- 
rience. At autopsy tlie heart weighed 
365 gm. Coronaiy^ selerosis was graded 
1 and there xvas some hypertrophy of 
the muscle of the myocardium. 

The electrocardiographic tracings of 
llie patient in the uremic state shown 
in Figure 5 illustrate the effect of cal- 
cium given intrax’cnously and the re- 
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turn of the electrocardiogram toward markedly decreased and, except for an 
normal concomitant with a decrease of atypical CR-2, the tracing fits the elec- 
serum potassium. The first tracing re- trocardiographic pattern commonly 
sembles right branch block except for called left ventricular strain in our lali- 
the absence of an expected initial posi- oratories. This change occurred with- 
tivity of the QRS complex in the right out any detectable change in the le\el 
precordial tracing. Certainly, septal of the serum potassium, 
infarction, which might have been sus- Tlie tracings the following da^' still 

RD 



Art. PM. Art. pn. 

35 nin. afier '20 nin. aficr 

I.V..09 ^.Ca. l.V. ,09gn.Ca. 

Serun K mEq 9.2 9.3 7.8 
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Blood Urea mg. 264 

in 100 cc. 

Fig. 5. R. D. A woman, aged 26 years, who lind chronic glomertiloneplintis. 

pected in association with a right more closely apj^roached normal. P 
branch block, was not seen at autopsy, waves had been restored to the records 

Additional precordial leads might have and were accompanied by a definite 

elucidated the problem in part but it is decrease of serum potassium. Intra\ en- 
to be noted that in the subsequent ous injection of calcium at this time 

tracings with decreased QRS duration caused no significant alteration in the 

there is never any gross change in the tracings. 

QRS configuration such as might be At autopsy the heart weighed 2-10 
e.xpected if a bundle-branch block, gm. Coronarx’ sclerosis was \erv .slight, 
originally present, had disappeared. graded 1—. and the myocardium on 
After the intravenous administration histologic examination appeared nor- 
of calcium the duration of tlie QRS mal. 
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The control tracing in Figure 6 is an 
essentially normal electrocardiogram. 
With the increase of serum potassium 
level there is a concomitant increase of 
the height of the T wave and of the 
length of the QRS interval (from 0.07 
to 0.09 sec.). The QRS has become 
more biphasic and suggests the begin- 
ning of the intraventricular conduction 
defect which is so characteristic of the 
tracing in patients whose potassium 
concentrations approach the lethal lev- 


Comment. This report confirms 
the previous conception that in the 
great majority of proved cases of po- 
tassium intoxication the patients have 
been suffering from severe renal insuf- 
ficiency. Intoxication developed either 
when the intake of potassium was too 
great or spontaneously as an autoin- 
toxication. The toxemia evolves rapidly 
and can prove fatal by causing cardiac 
standstill. Thus potassium intoxication 
makes intelligible the fatal termination 
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I'lo, 6. M, S. Serial electrocardiograms showing the effect of increased levels of potassium in the serum. 


el. Such a tracing has not been ob- 
served previously with such a small 
dose of potassium salt. Attention is 
drawm to the characteristic sharply 
peaked, narro\y-base configuration of 
the T waves as seen in leads II and 
1\’-R of the second column. Tlie Q-T 
intervals are respectively 0.48, 0.48, 
0.44 and 0.44 sec. and tlie correspond- 
ing R-R times are 1.05, 0.90, 1.10 and 
1.15 sec. respectively. On November 
26 the scrum calcium was 8.4 mg. per 
100 ml. 


in a number of cases of uremia which 
prewously baffled explanation. 

The recognition of the development 
of potassium intoxication, whether it 
be due simply to a toxic intake of po- 
tassium or to a spontaneous occurrence 
during the course of uremia, is of im- 
portance. One should inquire into the 
possibilit)' of the previous ingestion or 
injection of a potassium salt. Certain 
clinical sj'mptoms suggest the possible 
presence of potassium into.vication. 
These are paresthesias of the hands and 
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feet, sudden weakness of the extremi- 
ties as described by Finch and his co- 
workers, and shocklike syndromes. 
However, there are no unmistakable 
clinical manifestations of potassium 
poisoning and in their absence a po- 
tassium tolerance test may elicit valu- 
able infoimation. The actual proof of 
potassium intoxication rests on a char- 
acteristic electrocardiographic pattern 
and an increased concentration of po- 
tassium in the blood serum. As stated 
previously, in our series of cases the 
serum potassium varied from 7.7 to 
10.5 milliequivalents per liter. The 
former concentration, 7.7 milliequiva- 
lents per liter, occurred in patient T. L. 
(Fig. 4) and is lower than previously 
reported, and yet the electrocardio- 
graphic changes indicated a severe dis- 
turbance in the myocardium 24 hours 
before death from cardiac failure, 

Darrow and his co-workers'^ carried 
out an interesting series of experiments 
in cats which support our findings of 
a considerable variation in the concen- 
tration of serum potassium when toxic 
effects are revealed by the electrocar- 
diogram. They also found a variable 
increase of the concentration of po- 
tassium in the cardiac muscle. Their 
results suggest that when the increase 
of potassium in the serum and cardiac 
muscles occurred rapidly, the toxic ef- 
fects were more likely to result than 
when it was slow. Thus, tlie rate of 
entry of potassium into the myocardial 
cell may be an important factor in the 
development of tlie toxic effect. 

The quantitative changes in the cen- 
centration of potassium in the serum 
or extracellular fluid are so small when 
compared to the large amount of 
intracellular potassium that on cur- 
sor\f in^'estigation one might be sur- 
prised tliat changes in serum potassium 
should parallel profound physiologic 
disturbances. However, the changes in 


the concentration of serum potassium 
observed in human beings have \’aried 
approximately from 2 to 10 milliequix - 
alents per liter, actually indicating a 
fivefold change in serum concentra- 
tion. 

The difference in potassium content 
of cells and extracellular fluid consti- 
tutes one of the most remarkable char- 
acteristics of living tissue. Tliis potas- 
sium gradient may be the important 
factor in potential dilferences develop- 
ing in relation to all cell membranes. 
Certainly such potentials are readily 
abolished by ciTidely applying solutions 
of potassium to the epicardium and 
this has been a common method of pro- 
ducing ti'ansient injurious effects in 
electrocardiographic studies. 

In the majority of patients with hv- 
perpotassemia it has not been possible 
to study the effect of this variable alone 
as tliere are, in particular, coexisting 
disturbances of the serum hydrogen 
ion concentration, sodium and calcium. 
These alterations require further study 
and elucidation. Nevertheless, the dem- 
onstration of their presence has stimu- 
lated certain therapeutic procedures, 
such as the use of calcium and sodium 
salts and solutions of dextrose and 
blood, which have proved beneficial. 

Summaiy. The recognition of po- 
tassium intoxication depends on tlu- 
demonstration of a coexisting hyperpo- 
tassemia and a characteristic electro- 
cardiographic sequence. The few pa- 
tients in whom it has been revealed 
so far were suffering almost invariably 
from severe renal insufficiency. Potas- 
sium toxemia produces a serious con- 
dition in tlie mvocardinm, which may 
be rei'ersible but also can lead to fatal 
cardiac standstill. Beneficial therapy 
can be applied and is particularly indi- 
cated in patients with early potassium 
intoxication. 
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So much jjrogress has been achieved 
during the past 20 years in our knowl- 
edge of the etiology, pathology, epi- 
demiology and prevention of die 
rickettsioses diat dieir conti'ol and per- 
haps eventual elimination now seem 
possible. Encouraging data related to 
die therapeutic value of para-amino- 
benzoic acid (PABA) in experimental 
and human infections with several 
types of rickettsial organisms have ap- 
peared in the literature. There is 
abundant experimental proof showing 
that para-aminobenzoic acid inhibits 
the growth of B. prowazeki prowazeki 
(of epidemic typhus), R. prowazeki mo- 
oseri (of endemic typhus), and R. rick- 
ettsi (of Rocky Mountain spotted 
fever) in chick embryos infected with 
diese organisms.®’® Similarly an in- 
hibitory effect has been observed in 
guinea-pigs infected with R. rickettsi^ 
and in gerbils given multiledial doses 
of R. orieiitalis (of tsutsugamushi dis- 
ease)."’^® Tlie drug has been found to 
be effective in human cases of epidemic 
(louse-borne) tj^ihus/^ Rock)’’ Moun- 
tain spotted fever,®’® endemic (murine) 
typhus,®’^® and tsutsugamushi disease,^® 
It appears to be safe ei^en v^hen gi\’’en 
in very large doses.^® Its beneficial 
effects are thought to be due to meta- 
bolic stimulation of die cells of the host 


which, by paralyzing some very poor!)- 
understood enzyme processes of the 
organism, inhibits dieir growth and 
multijilication.® This idea is in accord 
with the conclusions of Zinsser and 
Schoenback,^® diat die multiplication 
of indacellular rickettsiae in Maitland 
tissue cultures ivas prei’ented by an 
increase in die cellular metabolic ac- 
tivity, as determined by die rate of 
oxygen consumption. 

Material and Methods. During the 
past 2 years, 60 proven cases of murine 
typhus were admitted to the San Juan 
City Hospital. The diagnostic criteria 
consisted in (a) a positive Weil-Felix reac- 
tion with increasing titers as the disease 
progressed, and reaching levels of, or 
higher tlian, 1 to 160, (b) a change 
from a negative to a positive complement 
fixation test, and (c) a clinical picture 
characteristic of the disease. All the 
diagnostic laboratory procedures reported 
in this paper were performed by one 
of us (A.P.M.) in the Bacteriology De- 
partment of the School of Tropical Medi- 
cine of San Juan, Puerto Rico. 

All the pab'ents studied were native 
Puerto Rican indigents from San Juan or 
its vicinit)'. Thirti'-three of them received 
PABA, besides the otlier supportive meas- 
ures recommended in the general manage- 
ment of die disease. Twenty-seven pa- 
tients received only supportive treatment, 
thus seiY'ing as controls for the evaluation 

03 ) 
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of therapy with the drug. Of the treated 
cases, 23 were males and 10 females, with 
an average age of 26.5 years, while of the 
untreated, 18 were males and 9 females, 
with an average age of 30.6 years. 

Treatment consisted in the administra- 
tion of 4 gm. of PABA as an initial dose, 
followed by 2 gm. every 2 hours, until 
the temperature was normal and the pa- 
tient had entered the stage of convales- 
cence. The drug was administered in 
tablet form, each one containing 0.5 gm. 
of the medicament.* It was very well 
tolerated by all the patients, no signs of 
toxicity being observed, apart from nausea 
and vomiting in 2 instances. As discussed 
below, we cannot feel entirely certain that 
the latter manifestations were provoked 
by the drug. 

A determination of blood levels of 
PABA was not attempted, because of the 
poor results reported by others.^Ln The 
control group was observed under con- 
ditions identical to the one under treat- 
ment. The former cases were picked at 
random from the whole group and re- 
ceived nothing but supportive therapy. 
All the patients studied received large 
amounts of intravenous 5% glucose in 
saline for proper hydration and adequate 
maintenance of nutrition and electrolyte 
balance. Acetyl-salicylic acid and codein 
sulfate were used to alleviate the headache 
and tlie general body aches when present. 

A group of patients suffering from early 
bronchopneumonia, influenza, malaria and 
typhoid fever receis'ed PABA in doses 
ranging from 44 to 120 gm., without im- 
provement. None of these yielded a diag- 
nostic Weil-Felix reaction. 

Most of the cases presented a fairly 
UTrical clinical picture, but the discovery 
of the rash was difficult among the dark- 
skinned subjects. The duration of the 
fever serr'cd .as the only criterion for the 
duration of the disease. The disease, in 
the great majority of our cases, had a 
sudden onset with chills and fever, ac- 
companied by headache, general body 
aches, photophobia and, in many in- 
stances, prostration. In the minority, the 
onset was preceded by prodromal symp- 


toms of a few days’ duration, consisting 
of general body aches, headache and low- 
grade fever. This may account for a 
possible error in the determination of the 
duration of the illness. The decrease in 
the severity of the symptoms, observed 
in all cases within 24 to 48 hours after 
beginning .the administration of PABA, 
was a satisfactory index of improvement, 
but not of cure. The temperature was 
considered normal when it dropped to 99° 
F. or less, and continued unchanged, 
except for an occasional rise of very short 
duration and of not over 100^ F., after 
the initial drop to normal. The latter 
occurred in some of the treated cases, 
and was commonly observed among those 
that did not receive the drug. 

Results. The group treated with 
PABA consisted of 33 patients, and 
the untreated, of 27. All were proven 
cases of endemic (murine) typhus, by 
the above-set criteria. The 2 series 
were almost identical as regards sex, 
age, and race. Thus, in the treated 
group, the average age was 26.5 years, 
2 being 50 years old, and among the 
controls the average age was 30.6 years, 
4 being 50 years or over. In the group 
that received PABA 23 (705^?) were 
males and 10 were females, while 18 
(66.6%) of the control series were males 
and 9 females. There were 29 (88%) 
white and 4 colored patients in the 
treated group, while in the untreated 
24 (895^) were white and 3 were color- 
ed. ’The average duration of the ill- 
ness, die age, and the sex distribution 
of the control series very closely ap- 
proached the averages reported by 
Stuart and Pullen’^ in their study of 
180 untreated cases of endemic typhus. 
Tlie highest temperatures were ob- 
served during the first few days of 
illness and averaged 104.2° F. Tliere 
was a secondary rise in temperature 
in 21 (787c) of the 27 controls and in 
10 (30.37o) of those taking PABA. 

by the Wyeth 


* The dnie. in the fonn of sodium para-aminobcnzoic acid, was supplied to us 
liilem.itional Ltd. of rhil.adelphi.j, F.i., to whom wc hereby express our appreciation. 
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Table 1 . Data in 33 Cases of Murine Typhus Treated ivith Para-Aminobenz.oic Acid 


Case 

Sex 

Race 

Age 

Days of 
Fever 

Day 

PARA 

Started 

Days of 
of Fever 
after 
PAHA 

Total 
of PARA 
in QMS 

Days 

icilli 

PARA 

U-eil-Felix 

Co mplc* 
inent 
Fixation 

Day 

[Rood 

Tahen 

B.R. 

F 

W 

17 

12 

10 

2 

124 

5.0 

1:12,800 

Vos. 

19 

M.T. 

M 

W 

22 

10 

8 

2 

100 

4.0 

1:0,400 

Vos, 

12 

G.F. 

M 

W 

50 

11 

7x 

4 

100 

4.3 

1:800 

Pos. 

10 

J.A.R. 

M 

W 

20 

3 

2 

1 

44 

1.8 

1:800 


0 

J.M. 

M 

c 

39 

12 

9 

3 

190 

8.0 

1:0,400 

Pos. 

10 

L.O.A. 

M 

^\ 

34 

10 

7 

3 

219 

9.0 

1:1,200 

Pos. 

17 

M.R. 

M 

yv 

50 

13. 

9x 

4 

152 

0.5 

1:3,200 

Pos. 

15 

R.O. 

M 

w 

25 

10 

8 

2 

108 

7.0 

1:3,200 

Pos. 

15 

P.G. 

M 

c • 

23 

4 

4 

0 

98 

4.0 

1:1,000 

Xcg. 

12 

M.L.B. 

F 

w 

31 

6 

3 

3 

190 

8-.0 

1:800 


11 

L.M.A.M. 

F 

w 

13 

4 

4 , 

0 

92 

3.8 

1:800 

Neg. 

15 

J.R.O. 

M 

w 

40 

8 

7 • 

1 

88 

3.0 

1:0,400 

Pos. 

10 

V.G.A. 

M 

w 

18 

10 

8 

2 

152 

0.3 

1:3,200 


11 

M.D.T. 

F 

w 

18 

13 

9 

4 

90 

4.0 

1:0,400 

Pos. 

18 

E.P. 

ISI 

w 

21 

9 

9° 

0 

130 

5.7 

1:3,200 


10 

M.A.F. 

M 

w 

12 

13 

12 

1 

90 

4.0 

1:0,400 

Pos. 

13 

B.V. 

M 

w 

33 

11 

8 

3 

122 

5.0 

1:400 

Pos. 

90 

J.R. 

F 

w 

37 

9 

5 

4 

148 

0.0 

1:12,800 


12 

F.O. 

M 

w 

32 

12 

9° 

3 

100 

7.0 

1:0,400 

Pos. 

14 

C.R. 

F 

c 

16 

1 

1 

0 

122 

5.0 

1:1,200 


10 

J.A.R. 

M 

w 

28 

5 

4 

1 

88 

3.5 

1:800 



7 

A.C. 

]\I 

w 

19 

3 

o 

1 

122 

5.0 

1:1,000 

— 

10 

R.F. 

M 

c 

20 

10 

0 

4 

140 

5.8 

1:12,800 

— 

10 

C.L.C. 

M 

w 

25 

12 

9 

3 

120 

5.0 

1:400 

Pos. 

14 

M.T. 

M 

w 

22 

10 

8 

2 

104 

4.8 

1:3,200 

— 

12 

A.M.F. 

M 

w 

13 

14 

12° 

2 

90 

4.0 

1:0,400 

Pos. 

15 

M.A. 

F 

w 

14 

7 

4 

3 

122 

5.0 

1:800 

— 

14 

M.R.D. 

F 

w 

34 

4 

4 

0 

74 

3.0 

1:200 

Pos. 

10 

E.M. 

F 

w 

44 

9 

7x 

2 

98 

4.0 

1:800 

— 

0 

M.M. 

M 

w 

30 

7 

5 

2 

150 

0.5 

1:0,400 

Pos. 

12 

N.M. 

F 

w 

25 

12 

8 

4 

127 

5.0 

1:800 

— 

11 

P.P. 

iM 

w 

31 

4 

3 

1 , 

48 

2.0 

1:1,000 

— 

7 

B.O. 

M 

w 

13 

8 

4 

4 

90 

4.0 

1:0,400 


17 

Averages 



20,5 

8.7 

0.5 

2.2 

121.4 

5.0 



12.8 

° Received sulfadiazine. 










X Received penicillin. 











Table 2. 

Data in Control Groups of 27 Cases of Murine Typhus Not Treated with 
Para-Aminobenzoic Acid 

Case 

Sex 

Race 

Age 

Days of 
of illness 
on Admission 

Days of 
Fever 

Days of 

F ever after 
Admission 

irci7-/Viir 

Day Flood 
taken 

W.R.R. 

M 

C 

24 

70 

17 

10 

1:1200 

10 

V.G, 

M 

W 

55 

5 

14 

0 

1:800 

10 

V.B. 

■M 

W 

42 

3 

15 

12 

1:1000 

15 

J.G.P, 

M 

W 

40 

10 

14 

4 

1:0400 

10 

M.A. 

F 

W 

GO 

0 

15 

0 

1:800 

10 

J.A.R. 

F 

W 

58 

5 

10 

11 

1:3200 

15 

S.T.F. 

F 

lY 

40 

7x 

13 

G 

1:3200 

10 

R.C.S. 

F 

>V 

23 

0 

12 

10 

1 :800 

14 

J.A. 

F 

IV 

28 

8 

10 

8 

1:0400 

IS 

O.C. 

M 

W 

27 

0 

14 

8 

1:1000 

1 1 

T.S.R. 

M 

IV 

oo 

1 

14 

IS 

IrHOO 

14 

J.R.C. 

M 

IV 

33 

lOx 

18 

8 

1:3,200 

13 

M.L.M. 

M 

W 

21 

4x 

17 

13 

1:5,120 

15 

L.R. 

F 

IV 

10 

5 ° 

IS 

8 

1:0,400 

11 

J.A.Kc. 

IM 

C 

18 

8x 

OJ 

14 

1:3,200 

IG 

A.IV. 

M 

lY 

20 

10 

15 

5 

1:800 

15 

S.C.N. 

IM 

W 

23 

3° 

14 

11 

1:1400 

1 - 

J.R.R. 

M 

IV 

20 

7 

IG 


1:3,200 

1.J 

P.T. 

M 

lY 

23 

10 ° 

14 

4 

1:3.400 

1 1 

B.N. 

IM 

IV 

50 

Ox 

17 

11 

1:800 

s 

C.M. 

F 

IV 

40 

3 

13 

10 

1:0,400 

1 # 

G.O. 

M 

W 

15 

9x 

13 

4 

1:S00 

1 1 

A.M.S. 

F 

IV 

19 

2 

14 

12 

1:400 

13 

I.M.P. 

M 

W 

28 

0 

10 

10 

1:1,200 

IC 

F.Z. 

F 

W 

^5 

8° 

12 

4 

1:400 

t 

G.G.M. 

IM 

W 

15 

4 

13 

y 

1:1,200 

1 5 

M.C.T. 

M 

\Y 

SO 

12® 

15 

3 

l:b0U 

13 

.Averages 



30.0 

0.2 

15.0 

8.S 


13.2 


® Received sHJfndinzinc. 
X Received penicillin. 
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There were no deaths in either series. 

The duration of the illness before 
admission to the hospital was from 1 to 
12 days, with an average of 6.2 days 
for the untreated patients. Treatment 
was started between the 1st and 12th 
day, with an average of 6.5 days, in 
those that received PABA. The dura- 
tion of the illness after hospitalization, 
in the untreated group, averaged 8.8 
days, while in the treated it was only 


headache, body aches, prostration, con- 
stipation and photophobia within 48 
hours of the initiatton of treatment 
with PABA. The drug, however, failed 
to prevent the appearance of die rash, 
or to alter its distribution, in 12 of the 
cases. The rash appeared during treat- 
ment in 5 cases, and in 7, after the 
temperature had become normal (Table 
3). Treatment was started early in the 
course of the disease in all these cases. 



T.vble 3. Ikcidescb -vnd Time op Appevh.vnce of R.vsn 


Time of Appearance of Rash 

rnCATCD CASES 
Present on .Aidniission 
Appe.ired After Therapy 
Appeared During Therapy 
Xot Present 

Total 

UNTBEATED CASES 
Present on .tdmissiou 
.\ppenred after .tdmission 
Xot (’resent 

Tot.al 

2.2 days. The total duration of the dis- 
ease in the treated group averaged 8.7 
days, as compared ivith 15 days among 
the controls. Tlie total amount of 
P.\B.\ administered averaged 121.4 
gm.. received in 1.8 to 9 days, and in 
total doses that ranged from 44 to 
219 gtn. (A summary of the data ap- 
pcar.s in Table 1 and 2, and Fig. 1.) 

In the great majority of the patients 
there was .some improvement in the 


fo. of Oaees 

Perccnlage 

12 

3C.1 

7 

o 

;11}“ 

9 

27 3 

33 

100.0 

10 

3~-0 \ .J.Q 

33.3/ ' 

9 

8 

29.7^ 

if 

100.0 


No rash was observed in 9 of the 
treated and in S of the controls. The 
variability in the extent and promi- 
nence of tlie rash in the control series 
renders the observations in diis respect, 
in the treated cases, difficult of inter- 
pretation. Nevertheless, it was noted 
that on receiving treatment tlie rash 
assumed a violaceous color and tended 
to disappear more rapidly than in the 
control group. 
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In general, the patients receiving 
treatment from early in tire eourse of 
the disease responded better than did 
those in whom therapy was delayed 
for more than a week. Taking 12 to 
18 days as the average natural duration 
of uncomplicated murine typhus, we 
ean assume tliat the drug failed in 9 
instances. But it must be noted tliat 
in 6 patients administration of tlie drug 
was started after the 7th day of illness 
and yet the results were favorable. 
This seems to indicate that altliough 
favorable results may be obtained in 
the treatment of endemic typhus after 
the 7th day of illness, the greater 
efficacy of an early start of therapy 
should be emphasized. 

As mentioned before, severe nausea 
and vomiting were observed in 2 of 
the b-eated patients. However, these 
symptoms could not be attributed ex- 
clusively to the drug, although the 
latter may have increased tlieir sever- 
ity, for some of tlie conbols presented 
tlie same symptoms, before or after 
hospitalization. Repeated blood studies 
failed to reveal severe signs of toxicity 
during or after treatment with the drug. 
Altliough the white cell count in 3 
instances was under 4,000 per c.mm. 
after tlie completion of the treatment, 
the differential counts were essentially 
normal, aside from a relative lympho- 
cytosis of 67% in one instance. Tlie 
bone-marrow was active in tin’s case, 
as evidenced by an Aimeth shift to the 
left. No changes were observed in the 
hemoglobin content or in tlie red blood 
cells. Albumin and granular casts were 
frequently encountered in the urine 
during die febrile stage of tlie disease, 
but we observed no signs of renal 
insufficiency. Perhaps the proper hy- 
dration and the maintenance of an 
efficient electrolyte balance may have 
contributed in preventing tliis com- 
plication among our cases. The drowsi- 
ness and delirium reported among 


cases of eiiidemic typhus beated with 
PABA’ ’ were not observed in our cases 
of endemic typhus. 

From our observations on 6 of the 
patients of tlie conbol series, it seems 
tliat penicilhn in doses of 20,000 units 
given inbamuscularly, every 3 hours, 
fails to alter tlie course of endemic 
typhus in the human. Three patients 
received penicillin before the initiation 
of therapy with PABA, witliout im- 
provement. Sulfadiazine in iiroper 
doses was administered to 6 of tlie 
controls and 3 of the beated prior to 
tlie onset of tlierapy witli PABA. The 
durabon of beatment with sulfadiazine 
averaged 3.5 days, it being discontinued 
as soon as tlie diagnosis qf endemic 
typhus was estabhshed. We did not 
observe either toxic or beneficial effects, 
but tlie shortness of tlie durabon of 
dierapy with sulfadiazine, bie varia- 
bility in tile severity of tlie symptoms 
of endemic typhus, and the small num- 
ber of cases tested do not warrant tiie 
formulation of definite conclusions. It 
appears, from the study of 19 cases 
of diseases otiier than endemic typhus 
(typhoid fever, influenza, pneumonia, 
malaria) that PABA does not exert a 
beneficial effect on tiieb clinical course. 

Comment. The low incidence of 
endemic typhus among the colored 
Puerto Ricans is in conformity ivitii ob- 
servations among the negro popula- 
tion of tile South of tlie United States." 
Tlie almost identical disbibution of 
the cases, as regards age, in tlie 2 
series studied, makes the e\'aluation of 
tile results of beatment with PAB.‘\ 
more exact, since it is known that tlie 
severity of tjqihus and tlie mortalih’ 
rate increase with age. It is evident 
tliat endemic tj’phus is primarily a 
disease of tlie young. This cannot be 
e.xplained on the basis of greater 
chances of e.xposure to rodents, because 
tlie mode of life of tlie indigent Puerto 
Rican makes e.xposure to rats equal for 
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all ages, sexes and races. The most 
probable explanation is a development 
of immunity with increasing age. 

Our observations show that, in the 
majority of instances, endemic typhus 
as seen in Puerto Rico is characterized 
by an abrupt onset with chills, fever, 
headache, general body aches, and 
prostration, and that the disease is 
amenable to therapy with PABA, as 
evidenced by the difference in the 
course and duration of the disease in 
the 33 treated cases as compared with 
the 27 controls. An analysis of the 
data tends to indicate that early treat- 
ment with PABA should be empha- 
sized. 

The fact that 5 of tlie patients de- 
veloped the rash during the course 
of tlierapy and 7 others after disappear- 
ance of the fever, and after convales- 
cence had seemingly started, lends it- 
self to speculation on the mode of 
action of PABA, and on the patho- 
genesis and immunology of the disease. 
The observation seems to indicate that 
PABA fails to interfere with the patho- 
logic alterations in the vascular system 
of the diseased, and that once the 
rickettsiae are fixed in tlie tissues their 
destructive action continues for a time 
in spite of the drug. The rapid favor- 
able response observed in some cases 
may indicate an attenuation of the 
toxemia produced by tlie rickettsiae, 
the drug being suppressive but not 
curativ'c. From these results we can 
suggest that PABA acts as any other 
antibiotic, inhibiting the growth and 
multiplication of die organisms, prob- 
ably in an indirect manner. Perhaps 
the action of PAB.A on endemic tjTphus 
is comparable to that of penicillin in 
pneumonia. The latter promptly re- 
duces the toxic manifestations of the 
disease, wliile the pathologic process 
continues its natural, though perhaps 
abbreviated, course. It is possible, 
therefore, that PAB.\ attenuates the 


activity of the rickettsiae but does not 
kill the organisms outright, thus al- 
lo\ving the host’s natural defensive 
mechanisms to eradicate the infection 
through the establishment of an im- 
munity. That the final disposal of the 
rickettsiae is a function of the host, 
and that it is aided only in part by 
the drug, is evidenced by the secondary 
rises in temperature observed among 
the great majoritv of the untreated, 
and in some of the treated patients. 
Such rises probably represent minor 
recrudescences of the disease at a time 
when immunity is not yet solidly estab- 
lished. It may be noted that such rises 
are at times accompanied by a recur- 
rence of symptoms of typhus, but these 
are milder than before. It was noticed 
that most of the patients presenting 
this manifestation received the drug 
late in the course of the disease, which 
may indicate that the pathologic proc- 
ess was too far advanced for an effec- 
tive destruction of tlie rickettsiae by 
tlie host aided by the drug. The 
phenomenon was observed in 2 pa- 
tients in whom treatment was instituted 
early in the disease. In these, the 
clinical response was very effective, 
and the rash appeared after the termi- 
nation of treatment, while the second- 
ary rise in temperature occurred on 
the 7th and 8th days of illness, re- 
spectively. The total dosage in these 
cases was 44 and 98 gm., respectively. 
Whetlier larger doses would have pre- 
vented the appearance of this second- 
ary rise in temperature, remains a 
moot question, but we beh'eve that 
once the rickettsiae have invaded the 
reticulo-endothelial tissues, and have 
multiplied enough to produce the 
clinical manifestations of an already 
established pathologic process, tlie 
fundamental disease process will follow 
its course, no matter how much PABA 
is used. This is evidenced by the ap- 
pearance of the rash even after and 
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during prolonged treatment with the 
drug. 

The possibility exists that the rickett- 
siae of endemic typhus are not com- 
pletely destroyed by the body. It is 
possible that endemic typhus may be- 
have like epidemic typhus in which a 
delayed recrudescence, as exemplified 
by Brill’s disease, may occur. Perhaps 
the rickettsiae of endemic typhus re- 
main in a dormant state and that minor 
febrile illnesses which pass undiagnosed 
may be recurrences of tlie disease. It 
appears, from the data presented in 
this paper, that the immunological re- 
action of the body is very little altered 
by the administration of PABA, as 
indicated by the invariable increase 
in the titer of the Weil-Felix reaction 
in the treated cases. 

The drug is well tolerated, and it 
represses tire manifestations of the dis- 
ease, but the absence of toxic symptoms 
in our series of patients does not guar- 
antee the free use of PABA without 
repeated blood studies to determine 
the levels of total white cells and ob- 
servations on the renal function of the 
patient before and during treatment. 
This should be done until more knowl- 
edge is accumulated on the toxicity 
of the drug. The conclusion that peni- 
cillin is of benefit in experimental ty- 
phus^ has not been confirmed in human 
endemic typhus. From our limited 
observations on tliis point in the con- 
trol series, it appears that tliis drug 
failed to alter the course of tlie disease. 
It may be beneficial in preventing 
bacterial complications, but these are 
so infrequent in endemic typhus tliat 
its use is not warranted until they 
arise. Sulfadiazine did not seem to 
alter the clinical picture in our test 


cases, but our series is perhaps too 
small to warrant arriving at a definite 
conclusion. 

Summary and Conclusion. Thirty- 
three patients suffering from murine 
typhus were given hea\'y doses of 
para-aminobenzoic acid for variable 
intervals and at different stages of the 
disease, the clinical course being com- 
pared with tliat of 27 untreated cases. 
An analysis of the data gathered in the 
course of this study tends to demon- 
strate that: 

(1) Patients with endemic typhus can 
tolerate large doses of para-aminoben- 
zoic acid for as long as 9 days, and 
in total amounts as high as 219 gm. 
without to.xic manifestations. 

(2) The duration of the disease is 
considerably shortened by the adminis- 
tration of the drug, especially when 
tlierapy is started witliin the first week 
of onset of the disease. 

(3) The severity of the symptoms of 
murine typhus is modified within the 
first 24 to 48 hours after the initiation 
of treatment. 

(4) The drug probably fails to alter 
the fundamental pathologic process, 
but aids in the abatement of tlie toxic 
manifestations, and, perhaps indirectly, 
controls the growth and multiplication 
of the rickettsiae. 

(5) The drug does not seem to affeci 
the immunological response of the bod\' 
to infection wu’th the rickettsiae of 
murine typhus. 

It can be concluded that hea^•y doses 
of para-aminobenzoic acid are safe 
and beneficial in the management of 
murine t>q)hus, especially w-hen treat- 
ment is started early in the course nf 
the disease. 
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Prior to World War II few cases of 
kala-azar were reported in the United 
States and in each instance it had been 
contracted in a part of the world where 
the disease is endeinicd''*'^'^ During 
World War 2 many of our military 
personnel served in endemic areas and 
among these several cases of kala-azar 
were observed. A comprehensive re- 
view of this disease, along with re- 
ports on 30 cases seen among army 
personnel, has recently been made by 
Most and Lavietes-. 

The following cases are presented 
to call attention to the fact that an oc- 
casional isolated instance of tliis dis- 
ease may be encountered in the United 
States among former military person- 
nel. Because tlie incubation period of 
kala-azar is not definitely known, one 
can not state with certainty the length 
of time that may elapse before symp- 
toms develop following exposure in an 
endemic area. Thus, unless one is 
aware of tliis disease, the diagnosis is 
likely to be overlooked. This is impor- 
tant from a therapeutic standpoint, in- 
asmuch as therapy is specific, and in 
most cases a complete cure is effected. 

From December, 1945, to March, 
1947, 3 cases of kala-azar were seen in 
this hosjiital. All 3 represent the typi- 
cal clinical and laborator)’- findings tliat 
are usually seen, as well as the dra- 
matic response to specific tlierapy. 


Case Reports— Case 1. Present Illness: 
L.P., a 25 year old white male was admitted 
to the hospital December 6, 1945. He w.as 
discharged from the army in August 1945 
and felt well until 2 weeks prior to admis- 
sion when he first noticed increasing fatigue 
while at work. Witliin 24 hours he began 
having chills followed by fever and for this 
reason he thought he was having a recurrent 
malarial episode. During the following 2 
weeks he became worse, however, and in 
addition to daily chills and fever he devel- 
oped swelling of his feet and ankles, short- 
ness of breath on e.vertion, anorexia, progres- 
sive malaise and there was a noticeable in- 
crease in the size of his abdomen. There had 
been no nausea or vomiting but an occasional 
abdominal pain had occurred. 

Past Ilistonj: He had 10 malarial episodes 
while in the sers'ice, the hast attack being in 
April 1945. No other illnesses were recorded. 

He served with the army in North Afric.i 
in the Casa Blanca and Oran areas from July 
1943 to September 1943, and in Sicily and 
Southern Italy from September 1943 to Janu- 
ary 1944. He was captured by the Germans 
at Anzio January 30, 1944 .and was a prisoner 
of war in Germany until liberation in April 
1945. Thus, early Januarj’ 1944 was the last 
possible exposure to kala-az.ar in an endemic 
area. Inasmuch as symptoms did not develop 
until November 1945, the incubation period 
in tliis case is assumed to be from 21 to 22 
months. 

Physical Examination: On admission the 
patient appeared to be acutely ill, tempera- 
ture w.as 103°, pulse 110, and respirations IS. 
The spleen w.as tender and palpable to the 
mid-line and in the left iliac region. There 
was slight tenderness over a soft liver, and 
it was palpable 5 cm. below the right costal 
margin. There w.as bilateral pitting edema of 
the lower extremities, particularly about the 
ankles. 


° Publi'ilicd with pcmibsion of tlic Chief Medie.il Director. De)):irtnicnt of Medicine and Snreerj-, V<!- 
erans Administration, who assumes no rcsponsibilitj- for tlic opinions expres-cd or conclusions drassm 1 •• 
the authors. 
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Hospital Course: For die first month xif 
liospitalization the patient remained acutely 
ill. He liad daily fever and his appetite re- 
mained poor. The red blood count ranged 
between 2.01 million and 1.87 million. The 
white blood cells dropped as low as lOQO with 
44% neutrophils and 56% Ijunphocytes. There 
was no response to liver or iron therapy. Blood 
smears for malaria parasites were negative. 
Blood cultures for L. Donovani were negative. 
Three weeks after admission the formol-gel 
test was strongly positive. A sternal puncture 
was performed and an attempt to demonstrate 
Lcishman-Donovan bodies by smear and cul- 
ture was unsuccessful. It was believed that 
despite the inability to demonstrate L. Dono- 
vani up to this point, sufficient clinical and 
laboratorj' evidence was present to warrant 
specific tlicrapy, particularly in view of the 


spleen \yas still palpable but much smaller 
and less tender tlian at time of discharge. Red 
blood count was 3.97 million with 81% 
hemoglobin. The white blood count was 12,- 
600 with a normal differential. 

ThLs patient was not seen again until April 
1948, some 27 months after completion of 
treatment. He had enjoyed good health in 
the interim and bad bad no reason to seek 
medical attention. The liver and spleen were 
not palpable and no abnormal physical find- 
ings were noted. The red blood count was 
4.27 million with 98% hemoglobin. The white 
blood count was 9800 with a normal differen- 
tial count. Total serum proteins were 6.4 gm. 
(albumin 4.8 and globulin 1.6). He appeared 
to be in excellent health. 

Case 2. Present Illness; D.O., a 22 
year old white male was admitted to the 



Fio. 1.— C.TU* 3. Trinpcrnttirc c}isrt 1 u*c<.*3c hvtorc nn<J 2 h-ccVs niter hecinninp specific trcatnu*nt. 


critical condition of the patient. On January 
4. 19-16 intravenous noostibosan was begun, 
it was continued in daily administrations un- 
til January 22, 1946, at whieli time .a total of 
fi.O gm. had been given. Temperature be- 
came normal on the 11th day and he re- 
mained afebrile (Sec Figure 1.) After the 
first week of treatment tlie patient began to 
^llow clinical improvement. The appetite was 
reluming and he .appeared less lethargic. On 
llic I2th d.iy of treatment flic spleen and liver 
uere smaller and less tender. On the day 
sjvfifie therapy was completed, the red blood 
was 4.06 million with 81% liemoglobin. 
Tile while blood count was 6350 with a 
normal difTtrcnlial. He was discharged from 
l!ie hospit.il Janii.'ir}' 30, 1915. 25 d.ar-x after 
^!,l^^ing sjx cific therapy with neostibosan. 

On ei.rrninalinn one month liter h<- felt 
Mc!! .ii'.d h 1(1 gained weight and strencth. The 


hospital February IS, 1940. He felt well until 
6 days prior to admission when lie des'cloped 
a shaking chill followed by a high fever, 
slight headache and backache, and a non- 
productive cough. The following day tlicrc 
was another shaking chill and the fever per- 
sisted. Tlircc days after the onset, nausea and 
vomiting occurred with some frequency. Bc- 
c.ausc of the similarity to previous malarial 
episodes, patient look about 1 gm. of atabrino 
in divided doses prior to admission. This was 
of no apparent benefit and the elevated tem- 
perature continued, although there were no 
chills after the 2nd day of illne.ss. 

I’rtst Hihtorij: There was a history of re- 
current malaria while in the military service 
svilh the last episode 8 montlis prior to ad- 
mission, The patient was in the Nlarine Corps 
and spent 8 months in Centr.al Burma, and 
14 months in India in the Calcutta, Rornhay, 
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Assam area. He left India about 14 months 
prior to the onset of the present illness and 
has not been in an endemie area since. 

Physical Examination; On admission the 
patient was flushed and appeared to be 
acutely ill. The temperature was 100.2°, 
pulse 100, respirations 20. The spleen was 
palpable on deep inspiration and was firm 
and tender. There were no other significant 
jrliysical findings. 

Hospital Course: For 3/2 months this 
patient remained a diagnostic problem. Al- 
though kala-azar was suggested as a pos- 
sibility, it was felt that the evidence was not 
sufficient to warrant specific therapy. The 
patient became progressively worse, running 


lures of the stool and urine for patliogens, 
repeated blood agglutination studies, evami- 
nation of the peripheral blood and bone mar- 
row for Leishman-Donovan bodies, blood cul- 
tures, spinal fluid e.\aminations and cultures, 
serum protein determinations and formol-gel 
tests. In the meantime the patient developed 
an anemia and a progressive leukopenia 
which reached a low of 600 \\T3C. Tliere 
was a gradual' reduction in neutrophils to a 
low of 14%. Frequent blood transfusions be- 
came necessary when other supportive meas- 
ures failed. 

On June 6, 1946, months after admis- 
sion, the formol-gel test was positive for the 
first time. Serum protein studies revealed a 



Fig. 2.— Leishman-Donovan bodies in stained smear of the spienic substance, Case 2. 

(Photomicrograph, X 990). 


a high fever witli elevations sometimes as 
high as 104°. Severe shaking chills were 
frequent. The spleen gradually increased in 
size until it extended well below the umbilicus 
and was markedly tender. Liver was tender 
and palpable 3 cm. below the right costal 
margin. Anorexia progressed and the patient 
would take only small amounts of liquid by 
mouth and even tlien nausea and vomiting 
was a frequent occurrence. Marked weight 
loss was evident and the patient gradually 
assumed a moribund appearance. During 
this period the following laboratory proced- 
ures were repeatedly investigated in an effort 
to establish the diagnosis. Frequent blood 
smears for malarial parasites, smears and cul- 


total of 7.2 gm. (albumin 3.0 gm. and globu- 
lin 4.2 gm. ). On June 8, a splenic puncture 
was performed and Leishman-Donovan bodies 
were found in smears of the aspirated mate- 
rial (See Figure 2). Treatment with ncosti- 
bosan was instituted immediately. A total of 
7 gm. was given in 2 courses. Five gm. were 
given in 17 days and patient was allowed 1 
week of rest. .40 additional 2 gm. were then 
given in 7 davs. He showed no signs of drug 
toxicity during or after therapy. 

Twelve davs after specific treatment w.is 
started, the fever disappe.ared and did not 
recur during the remaining hospital slay (See 
Figure 3.) When therapy w.is completed the 
spleen had been reduced markedly in size 
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and was much less tender, llis appetite had 
returned and a weiglit gain was noted. Dur- 
ing the last 2 weeks of hospitalization an 
average weight gain of 1 pound per day was 
recorded. The blood picture bad become nor- 
mal (See Figure 4). Five weeks after starting 
specific treatment the patient was discharged. 
At that time the liver could no longer be 
palpated and the spleen edge could be felt 
434 cm. below the left costal margin and it 
was only slightly tender. 

The patient was examined 1 month after 
discharge at which time furtlier gain in 


weight and strength was noted. The blood 
picture as well as serum proteins were nor- 
mal. The formol-gel test was negative and 
serum globulin no longer elevated. The tip 
of the spleen was palpable only on deep in- 
spiration and was no longer tender. This was 
the last time it W’as ever felt. 

The patient has been followed for a 2 year 
period and there is no evidence of any residu- 
als. All laboratory studies have remained 
normal and the patient looks well and ap- 
pears to be in e.\cellent health. 

Case 3. Present Illness: C.A.B., a 39 



Fin. 3.— C.^SL' 2. Tcmporatui’c clj.irt I wrcV before .nod 2 a’crXs nftcr beffinntng specific treatmenf. 
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year old white male was admitted to this 
hospital Mareh 4, 1947 eomplaining of weak- 
ness and fever. The onset of his illness was 
3 months prior to admission when he devel- 
oped mild influenza-like symptoms which per- 
sisted for about a week. He felt well for 1 
week after which he became acutely ill with 
chills and fever as high as 106°. He was 
hospitalized in another institution for 1 month 
where sternal puncture was included in the 
studies but a diagnosis was not established. 
During this period he became progressively 
weaker and “felt near death”. The chills and 
fever persisted. Six blood transfusions were 
given with some improvement including de- 
crease in height of fever. After discharge from 
that hospital he continued to improve at hoi7ie 


ately pale, emaciated, appeared chronicallv 
ill and spoke in short interrupted phrases, ap- 
parently due to weakness. The skin was 
slightly yellow (he had been taking atabrinc 
for about 6 weeks), there were petechiae on 
the feet and ankles, and a mannoraceous cr\-- 
thema on the hands. There was generalized 
non-tender lymph adenopathy. The lower bor- 
ders of the spleen and liver could be visible 
outlined through the tlun abdominal wall, 
each being 7 cm. below the rib margin on 
inspiration; each was firm and non-tender. 
There was a small retinal hemorrhage near 
die left macula and there were bloody crusts 
on the left side of the nasal septum. The re- 
mainder of the examination was cssentialK 
negative. 



for 2 weeks but his severe symptoms returned 
and he was hospitalized at a second hospital 
on February 23, 1947, where the diagnosis 
of kala-azar was suspected. The patient re- 
fused sternal puncture at this time. He was 
given 6 more blood transfusions and trans- 
ferred to this hospital. During the preceding 
few weeks he had complained of recurrent 
epistaxis on slight trauma. 

Past Ilistorij: \tfliile in the arm)' he serxed 
20 months near Calcutta, India, leaving in 
ciirly July 1945, 17 mondis prior to the onset 
of s)'mptoms. He had not been in an endemic 
area since that time. 

Phtfsical Examinat ion: On admission 
temperature was 101.8° orally, pulse 110, 
respiration 28, B.P. 110/ (0. He was moder- 


Jlospiial Course: Anemi.i v.is essential!) 
nonnochromic (See Figure 5). Leukopenia 
was largely at the e.xpense of the neutrophils 
which were 40 to 50^, while lymphoextes 
xx'cre 50 to 'GOfe. Bleeding and clotting time 
were xx-ithin normal limits but there xvas no 
clot retraction after 48 hours. The platelet 
count ranged from 44,000 to 82.000 during 
the hospit.al course except for 1 count of 
178.000 diirin" the 4th xveck of treatment. 
Kahn test, malaria smear, and routine blood 
culture xx'ere negatix'c. Ilctcrophilc acclutini- 
tion, BBC fragilitx'. protlirombin time and 
urinalx'ses xvere xx’ithin normal limits. Chest 
X-rax' revealed question.ablc enlarccmcnt of 
the left medi.astinal Ivanph nodes. ECG 
shoxved left a-xis dexaation but xvas otherxx-is.' 
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normal. Repeated blood smears and 2 sternal 
marrow smears were negative for Leishman- 
Donovan bodies. Cultures of tlie blood and 
sternal marrow on NNN media were negative 
for flagellates. 

Splenic puncture performed on March 17, 
19-15, was preceded and fo. lowed by a 500 
cc. blood transfusion. Leishman-Donovan 
bodies were found in the smear of the splenic 
substance. 

The patient had daily afternoon fever but 
the morning temperature was always normal. 
Treatment with neostibosan was begun on 
the 21st hospital day and was given l.V. daily 
for a 26 day period, a total of 6.9 gm. being 
•administered. Temperature became nonnal on 
the 1 1th day of treatment and he was afebrile 
after that time (Sec Figure 6). His weight 
on the 15th hospital day was 115 pounds; 


the first hvo visits, 5 and 6 months after treat- 
ment, the liver was 3 cm. below the rib mar- 
gin and tire tip of the spleen was easily pal- 
pable on deep inspiration. Complete blood 
count and clot retraction were nonnal. Plate- 
let count was 150,000. Fomiol-gel test was 
negative. Serum proteins were 8.1 and 8.8 
gm./lOO cc. with an A/G ratio of 1/1. Thy- 
mol tvurbidity was elevated and cephalin floc- 
culation was 4-f . On the third visit, 8 months 
after treatment, the liver was not palpable 
and the tip of the spleen was barely palpable 
on deep inspiration. Serum proteins were 7.7 
gm.ZlOO cc. with an A/G ratio of 1.9/1. 
Gephalin flocculation was 3-}- but the other 
liver function studies were normal. When 
last e.vamined, 13 months after treatnrent, the 
spleen and liver were not palpable and all 
laboratory' tests were within normal limits. 



after therapy for 2 weeks he weighed 126 
pounds. During the 3rd week of therapy he 
was up and about much of the lime. The 
pr'lcchiac gradually disappeared as did the 
retinal hemorrhage and the epistasis. The 
spleen began to tlccreasc in size during the 
3rtl week of treatment and the liver became 
smaller during the Gth week. He devcloperl 
a moderate alopecia of the scalp during the 
.")th week but hair subsequently returned. At 
the time of discharge, 8 weeks after therapy 
was started, his weight wa.s 134 pounds and 
In- eompl.iined of only slight wc.rkncss. On 
espir.ition the lower Imrder of the .spleen w.xs 
fcU at the rib margin and the liver was .5 cm. 
below the ri'^ht costal margin. There w.rs no 
Kmph.ulennp.ithv. 

■[ ii!s p itient returned to work as a truck 
dnser a few weiks .after rlisch.'irge and has 
sites- Iven etamiiiet! on four occasions. On 


Discussion. Tlie diagnosis of kala- 
azar, e\'en though suspected, may tif 
times be difficult to prove. Tin's is illus- 
trated in Case 1 where Leishman-Don- 
ovan bodies were never found. The 
response of this patient to specific 
therapy, howet'er, justifies the diagno- 
sis. lit the other tAVo patients a splenic 
puncture had to be done before the 
diagnosis could be established. Tliis 
procedure, done properly, carries little 
risk, and indeed at times may he in- 
strumental in .saving the patient a far 
more serious operation. A case in point 
in which a splenectomy wat per- 
formed has been reported'^ In this in- 
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stance pathological examination of the 
spleen established tlie diagnosis of 
kala-azar. If the laboratory data are 
suggestive and there is a history of hav- 
ing been in an endemic area, it is felt 
that the relatively safe procedure of 
splenic puncture is. justified, even if 
other examinations have failed to dem- 
onstrate Leishman-Donovan bodies. 

The drug of choice in the' treatment 
of kala-azar is neostibosan, according 
to Most and Lavietes”, and the results 
obtained in our 3 cases lend added 
weight to tliis statement. Neostibosan 
is a pentavalent antimony compound 
•supplied in powder form in single dose 
ampules. At the time of administration 
'it is dissolved in either sterile saline 
or distilled water to make a 5% solu- 
tion, and is given intravenously. The 
drug was 100% effective in producing 
a cure in our 3 cases and no relapses 
have occurred. 
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Summary'. 1. Three cases of kala- 
azar were seen in tlu's hospital from 
December, 1945, to March, 1947, and 
are reported in detail. 

2. The minimum incubation period 
in these cases ranged from 14 to 21 
months. 

3. Attention is called to the possi- 
bility of encountering isolated instances 
of this disease and the likelihood of 
overlooking the diagnosis because of 
its infrequency in the United States. 

4. In patients in whom the disease is 
suspected but confirmatory evidence is 
lacking, splenic puncture is recom- 
mended as a relatively safe procedure. 
Leishman-Donovan bodies can be 
found in most cases by direct smear 
or culture of tlie splenic material. 

5. Treatment with neostibosan is 
specific and almost 100% effective in 
producing a complete cure. 


REFERENCES 

1. Mathieson, D. R., and Watson, B. A.: J. Am. Med. Assn., 112, 309, 1939. 

2. Most, Harry, and Lavietes, Paul H.t Medicine, 26, 221, 1947. 

3. Miinter, E. J., and Packclianian, H. J.: Am. J. Trop. Med., 25, 507, 1945. 

4. Price, F. L., and Myer, R. A.: ]. Am. Med. Assn., 125, 490, 1944. 

5. Rose, H. M.: Proc. Soc. Exp. Biol, and Med., 58, 93. 1945. 

6. Sweeney, J. S., Friedlander, R. D., and Queen, F. B.: J. Am. Med. Assn. ,128, 1020. 
1945. 



STREPTOMYCIN IN THE TREATMENT OF TUBERCULOUS 
ENTERITIS, A REPORT OF THIRTY-THREE CASES 
By Edwabd F. Mason 

LT. (JG) MC USNR 

^VILHA^I W. Kiudelbaugh 

LT. (JG) MC USNR 

William H. Crouch 

CAPT. MC aus 
AND 

Melgie Ward, M.D. 

CHIEF OF TUBERCULOSIS SERVICE 
WADSWORTH. KANSAS 

(From the Veterans Administration Center) 


Altoough it is scarcely more than 3 
years since the discovery of strepto- 
mycin was announced from Waksman’s 
Laboratory in 1944', a very consider- 
able understanding has already been 
gained concerning its limitations and 
usefulness. The progress has been 
much more rapid than was the case 
witli penicillin; partly because the 
manufacturing houses profited by tlie 
very painful experiences encountered 
in the production of that drug; partly 
because of the several large scale co- 
operative investigations into its ef- 
fectiveness which were launched after 
(he pioneering work of Ilinshaw and 
his collaborators,-" which disclosed 
its promise in the treatment of tuber- 
culosis. One of these investigations 
has been conducted wthin the struc- 
ture of the Veterans Administration. It 
was launched in June of 1946 in co- 
operation with the Army and Na\w 
and was at first directed toward the 
elTects of streptomycin upon pulmonary 
tuberculosis. Soon it was extended into 
other forms of the disease and the pre- 
liminary findings of 22 participating 
hospitals were recently''' recounted in 
a report to the Council on Pharmacy 
and Chemistry of the .American Medi- 
(."d .\ssociation. 

\'ery considerable masses of clinical 
( ‘.N ) 


material were available to the investi- 
gators in the commoner forms of tuber- 
culosis and it was not difficult to reach, 
at least tentatively, conclusion as to 
the effectiveness of streptomycin under 
these circumstances. In the case of 
less common lesions, the situation was 
difficult, since no single hospital had 
more tlian a few cases under treatment. 
Tliis was the situation in tlie instance 
of tuberculous enteritis for, although 
it u’as formerly a common complication 
of active pulmonary tuberculosis, there 
were only a few cases under treatment 
in any one hospital. It was therefore 
resolved by tlie Veterans Administra- 
tion’s Third Streptomycin Conference 
in May of 1947 that the experience of 
all hospitals be collected and the re- 
sults of this experience be published 
in a single paper. The present authors 
were invited to undertake this task 
since, at tlie time the decision was 
made, the hospital with which they are 
connected had treated more cases of 
tuberculous enteritis than any other 
Study Unit. No co-operation of this 
.sort can be as satisfactorj’ as if all the 
cases had been treated under tlie 
authors’ superxision, but it is believed 
that the large volume of information 
gathered is sufficiently complete to per- 
mit certain conclusions. We wish to 
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record our admiration and gratitude 
for the readiness with which this ma- 
terial was furnished to us.* 

Selection of Cases: All tuberculosis 
cases which have come under the care 
of the Veterans Administration Strepto- 
mycin Research Program have been treated 
according to tlie provisions of protocols 
which were prepared by the Central 
Office Streptomycin Committee with the 
concurrence of the investigators. With 
very few exceptions, these protocols have 
required bacteriologic or pathological proof 
of tuberculous etiology. Tuberculous 
enteritis is, by necessity, one of these 
exceptions. The impossibility of providing 
an absolute diagnosis constitutes the weak- 
ness of this presentation. The protocol 
governing treatment of tuberculous enteri- 
tis permitted the use of streptomycin in 
patients with proven pulmonary or extra- 
pulmonary tuberculosis who had charac- 
teristic gastro-intestinal symptomatology 
together with radiologic evidence of an 
intestinal lesion which could be reasonably 
considered tuberculous. The difficult)' of 
establishing an absolute diagnosis of this 
complication is not peculiar to our ex- 
perience but is well recognized. There are 
other ulcerative intestinal lesions and, an 
added complication, several of these re- 
spond favorably to treatment with strepto- 
mycin More important, there is also 
the possibility that in any such series as 
this the symptomatic relief which is ob- 
served could be attributed to a diminution 
of toxicity resulting from the effects of 
streptomycin upon the pulmonary disease. 
However, the presumptive nature of the 
diagnosis being acknowledged, the exist- 
* ence of severe intestinal symptoms in 
patients with proven pulmonary tuber- 
culosis, together with radiologic evidence, 
establishes strong prima facie evidence 
for the accuracy of the diagnosis in the 
giou]3 ns a whole. 

Clinical Material: Although the 33 male 
patients ranged in age from 20 to 5S, 20 
of them were living in their tliird decade. 


Twenty-nine were wliite, 3 were negro 
and 1 was Mexican. The mean known 
duration of the coexisting pulmonarj' dis- 
ease was 19 months. All had far advanced 
pulmonary tuberculosis \vith tlie excep- 
tion of Cases 8, 24, 29, and 32, who had 
moderately advanced pulmonary tuber- 
culosis. Cavities were described in 21 
cases and in only 3 cases was there a def- 
inite statement that cavities did not e.\'ist. 
Positive cultures of sputum or gastric 
washings were reported from all 33 pa- 
tients at some time during the course of 
their intestinal disease .and except in Case 
8 (See case reports) the pulmonary disease 
was considered active at the time strep- 
tomycin was instituted. 

Intestinal symptoms had been present 
from 4 to 6 months prior to streptomycin 
therapy in 12 of the patients, the mean 
duration being 5 montlis for the entire 
group. The textbook picture is more 
usually seen in this disease than in most 
diseases. With a few exceptions, cov- 
ered in tlie case presentations below, all 
cases had the usual symptoms of either 
diarrhea or constipation or alternating 
constipation and diarrhea, abdominal pain, 
abdominal soreness, loss of appetite, 
weakness, nausea and occasionally vomit- 
ing together witli the physical findings so 
familiar to the phthisiologist since the 
time of Hippocrates. In 4 of the pa- 
tients tuberculous appendices had been re- 
moved, thus adding to the probabilit)' of 
an accurate diagnosis. Although no de- 
tailed analysis was made of exlrapulmon- 
ary disease, tuberculosis larxmgitis was 
reported in 2 instances, and, in an addi- 
tional 2 patients rectal fistulae were 
present. 

Regimen: The daily dose emplo}-ed in 
tliis series has not been uniform but has 
varied between 1.0 and 2.0 gm. \\fithin 
this range no difference in response has 
been obsen'ed when the intramuscular 
route was used. At the present time 1 
gm. is recommended in 2 doses. The 
lower dosage carries only a 23^ mci- 


* VAH, Barnes Annex, Vancouver, Wash., 1 case; VAH, Brecksville, Olrio, 1 case; \ AH, 
Butler, Pa., 1 case; VAH, Castle Point, N.Y., 4 c.ases; VAH, Dayton, Ohio, 1 case; VAH, Hines, 
111. 1 case; VAH, Livermore Cal., 1 case; VAH, Memphis, Tenn., 1 case; \AH, Minneapolis, 
Minn. 4 cases; \U\H, Nashville, Tenn., 1 case; Nortliem Pennanente Hospital. V.ancouvcr, 
Wash., 3 cases; VAH, Richmond, Va., 5 cases; VAH, Rutland Heights, Mass., 4 cases; \ AH, 
\^an Nuys, Cal., 1 case; VAH, Wadsworth, Kan.. 4 cases. 
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dence of vertigo as compared with a 94% 
incidence when 2 gm. daily are used.' 

Oral treatment, 2 gm. per day in 5 
doses, was used in treating 2 patients for 
66 and 120 days. Four and six weeks 
elapsed before complete relief of symp- 
toms was obtained as compared to one 
week when intramuscular treatment was 
used. The advantage of the oral route 
would lie in the non-absorbable property 
of the drug and the consequent possibility 
of avoiding toxic manifestations and the 
development of resistant organisms. 
These 2 patients, however, both showed 
significant blood levels, suggesting that 
the diseased gut may have acted differ- 
ently than normal bowel in this respect. 
Further study of the oral route, blood 
levels, and development of resistant 
organisms in the stools and in the sputum 
of these orally treated cases is indicated. 
The additional patients receiving the in- 
tramuscular course of therapy had been 
previously tried on 2 gm. oral doses for 
14 days Nvithout adequate response. Per- 
haps 14 days is an inadequate trial period 
for oral therapy. A 5th patient (Case No. 
21) received oral treatment and showed 
improvement during the 1st week but 
was subsequently shifted to intramus- 
cular therapy when signs of bowel ob- 
struction developed. 

There was also little uniformity in the 
length of treatment of these cases. Nine- 
teen patients completed courses of 60 to 
120 days. Fourtccn-day courses were 
used in 6 cases with tlic design of merely 
providing syanplomatic relief. Eight cases 
arc still under treatment, having received 
■31 to 86 days of streptomycin. 

Clinical Results. Streptomycin has 
been uniformly effective in the relief 
of symptoms of tuberculous enteritis in 
this series, although several of the par- 
ticip.ants in this study were highly 
skeptical when their first cases were 
started on the drug. A few cases were 
.actually fteing treated primarily for 
other than intestinal disease when the 
relief of severe coexistant intestinal 
symptoms called attention to its effec- 
tiveness in this disease. If one considers 
the ineffectiveness of streptomycin in 


chronic, far advanced, avascular, case- 
ating and fibrotic pulmonary lesions, it 
is not surprising that skepticism existed 
toward the effect of streptomycin in 
similar cases complicated by a second- 
ary ulcerating tuberculous ileocolitis. A 
glance at the accelerating dotvnward 
course of pre-streptomycin weight 
curves in these patients indicates the 
expected outcome. The morose atti- 
tude engendered by experience as old 
as the disease itself is succinctly epit- 
omized by the Hippocratic teaching 
that, “Diarrhea attacking a person wth 
phthisis is a mortal symptom.” 

After the initiation of treatment by 
the intramuscular route, improvement 
was noticed almost immediately. In 
20 cases 1 week was quoted by the in- 
vestigator as the period during which 
maximum benefit was reached. Four 
investigators mentioned 3 days as the 
period when abdominal pain was com- 
pletely relieved. In the remaining 
cases the relief of abdominal symp- 
toms was summarized as, “Relief of ab- 
dominal pain and distention in 4 days, 
no distress after 31 days”; "Relief im- 
mediate”; “Relief only slight on oral 
therapy, complete on intramuscular”; 
and tliese comments are repeated in re- 
ports by various investigators. In- 
creases in appetite were frequently de- 
scribed as very marked and tremendous 
after the 1st week of treatment. 

The effect on symptoms is best illus- 
trated by quoting in greater detail the 
pertinent information from several * 
tx’pical cases: 

Case Reports. Case 3, E.A., 20-year 
old Mexican male, got 1.8 gm. per day 
in 4 doses for 60 days. Chronic abdom- 
in.al distress, nausea and vomiting and ex- 
treme weakness disappeared within 24 
hours. Within 4 days he began to cat 
much better and within 7 days his appe- 
tite was tremendous, not only for meals 
but for small feedings between meals. 
Within 7 days the stools had diminished 
in number from 4 or 5 liquid stools a day 
to 3 soft stools. On tlie 12th day* there 
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were no stools. Thereafter the stools 
were normal in number and consistency. 

Case 4, D.K., 22-year old white male, 
received 1.8 gm. a day in 6 doses for 120 
days. Five days after specific medication 
began, the abdominal cramps subsided 
and appetite began to improve. In 2 
weeks the diarrhea (3 to 5 mushy brown 
stools daily) and belching disappeared, 
the stools became formed and the patient 
had 1 bowel movement a day. This im- 
provement, accompanied by a decrease 
in sputum from 8 ounces to 1 ounce a 
day, continued for the 4 months of treat- 
ment and 4 months of follow up after 
streptomycin was stopped. 

Case 5, A.G., 25-year old white male, 
was given 1 gm. a day in 5 doses for 120 
days. Improvement v/as noticed by the 
patient practically from the time strep- 
tomycin was started and the only com- 
plaints after the first few days were oc- 
casional mild cramps reported on the 
46th and 48th day of treatment. These 
cramps caused considerable fear and 
worry on tlie part of the patient, but the 


continued freedom of symptoms tliere- 
after soon restored his cheerfulness. 

Apparently the skepticism of the 
physician is communicated to or shared 
by some of these patients and the mild- 
est return of symptoms causes great 
anxiety. This was also seen in Case 2 
which will be presented with the more 
detailed case reports below. 

Relief of difFuse and localized ab- 
dominal tenderness, rigidity, and dis- 
tention came witliin a few days after 
relief of symptoms. One case had re- 
lief or pain and right lower quadrant 
tenderness and disappearance of a 
right lower quadrant mass vitliin tlie 
first 2 weeks of treatment. In 18 pa- 
tients, an episode of diarrhea was pres- 
ent at die time streptomycin was 
started. In these cases die liquid stools 
became progressively soft and dien 
formed and were reduced in number 
from an average 6 per day to an a\'er- 
age of 2 per day by the end of the 1st 
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Fig. 1.— Effect of streptomycin therapy on fever in tubcrciilons enteriti';. 
SM = Streptomycin therapy bcK«n. 
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week. One case having 12 liquid 
stools before treatment had only 2 soft 
stools within the first 3 days of treat- 
ment. M^iere stool odor was men- 
tioned as being unbearably offensive 
there was a return to a normal fecal 
odor. The presence of occult or gross 
blood, mucus, and pus was mentioned 
in only S cases and disappeared as tlie 
stools became normal. 


anticipated in patients who had lost no 
weight recently. Conversely, in those 
patients who had recently lost rapidly 
from their disease a rapid gain in 
weight could be expected, the cases be- 
ing provided specific treatment. Figure 
2 demonstrates the validity of this pre- 
mise in that rate of gain is sho^vn to be 
directly proportional to tlie preceding 
rate of loss. Taking as a group 21 of 



Fip. 2.— Effect of streptomycin tlicMi>y on body weigbl in tuberculous enteritis. 
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Figure 1 shows the effect of strep- 
tomycin treatment on elevated temper- 
atures and requires no further com- 
ment except for calling attention to 
the decrease in diurnal variation which 
accompanies the return to normal 
levels. 

^^'e^ght gain was an especially stiit- 
able index of the progress of the intes- 
tinal disease, since it directly reflects 
the ability to ingest, digest, assimilate 
and retain food as body substance. 
This is true, of course, only when the 
intestinal disease is the main cause of 
.isthenia. Little weight gain could be 


the 23 cases where adequate weight 
measurements were reported, it was 
found that they gained dOO pounds in 
SS patient months following the start 
of streptomycin, or an average gain of 
-t.7 pounds per month. One patient 
showed a 15-pound weight gain previ- 
ous to streptomycin therapy, over a pe- 
riod of 4 months and a loss of 5 pounds 
during the 1st month of treatment. Tlie 
23rd patient failed to gain any weight. 
In 10 cases weights were not reported 
or the patients xvere not weighed be- 
cause of their weakness and debility or 
because, being terminal or near ter- 
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minal, their weight was not considered 
of importance to those who were treat- 
ing them. 

It is important to analyze the inci- 
dence of sputum conversion in con- 
nection with the possibility of re- 
currence. Only 8 of the 33 cases were 
converted to negative sputum dming 
or after the relief of intestinal symp- 
toms and more intensive study with 
longer follow-ups will inevitably tend 
to reduce this number. Conversely, 
following general improvement from 
removing the liabihty of intestinal dis- 
ease, an undetermined number of other- 
wise hopeless cases may be able to 
reach sputum conversion. 

Three patients had thoracoplasties 
for unilateral cavitating tuberculosis 
after recovering from their intestinal 
disease. In no case, however, was any 
collapse therapy inti-oduced during the 
first 60 days following relief of intes- 
tinal symptoms. Case 8 was the 
only patient who had been able to heal 
his pulmonary disease previous to die 
treatment of his intestinal disease. Case 
2 was the only patient with a pre- 
dominantly exudative pulmonary dis- 
ease of the type which responds best 
to streptomycin. Although no case had 
progression of his pulmonary disease 
during streptomycin treatment, it was 
obvious that the pulmonary disease 
was not greatly improved in a majority 
of cases. This is as expected, since, as 
already mentioned, the enteritis was 
usually secondary to rather severe, long 
standing pulmonary disease of a fi- 
brotic, caseating character, rather dian 
the predominantly inflammatory dis- 
ease which is expected to respond best 
to specific chemotherapy. 

In 6 patients, streptomycin was used 
only for relief of symptoms in die pres- 
ence of obviously hopeless pulmonary 
disease. In these cases only 14 days 
therapy was used, 

Tliere were 2 cases where a definite 


recurrence of symptoms, return of diar- 
rhea or reappearance of blood and 
mucus in the stools occurred. These 
cases (No. 2 and No. 9) are detailed 
below with the other case presenta- 
tions. A longer follow-up and larger 
series of cases will be necessary before 
the rate of remission or recurrence can 
be well established. Eight patients are 
still under treatment and 25 have been 
followed, 1 to 16 months since their 
treatment was started or 2 weeks to 12 
months from the time streptomycin was 
discontinued. Of the patients whose 
treatment had been completed the 
average follow-up was 6% months. One 
of the terminal patients, who was treat- 
ed only for relief of symptoms, died. 
However, during the 14 daj^s of follow- 
up there was relief of abdominal pain, 
and the twelve liquid, foul smelling, 
incontinent stools a day were reduced 
to 2, thus eliminating much of the 
nursing problem, including prevention 
of bed sores. Without doubt the pa- 
tient’s last days were made more toler- 
able. 

A few of the more informative cases 
have been chosen for a more detailed 
account. The i-eason for tlieir selection 
will be given in each instance. Thus, 
the first case presented is also the first 
case treated in this study. It is an 
example of the disease at its worst, 
the debility being out of all proportion 
to the severity of the primary pulmo- 
nary disease. With the added assist- 
ance of a thoracoplasty for control of 
his pulmonary disease, streptomycin 
has permitted this patient to overcome 
his disease, leave the hospital against 
medical advice, and carry on a re- 
stricted amount of work uitliout, so 
far, showing any reactivation of either 
the intestinal or pulmonary disease. 

Case 1. K.E., a 21-year old white male 
with unilateral, far advanced, cavitating 
pulmonary tuberculosis and pneumothorax 
failure because of adhesions, had suffered 
for S months with progressively increasing 
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done in die next day or t^vo, he will have 
a further course of 14 days treatment with 
streptomycin for symptomatic relief. This 
patient still has occasional bouts of streak- 
ing. His general condition is poor, but 
he is not feeble.” 

Tlie following case, without previous 
symptoms of intestinal disease, was 
found at operation for appendicitis to 
ha\’e ileo-cecal and appendiceal tuber- 
culosis. It is interesting to compare 
this case (No. 20) witli case No. 8 
above and case No. 32 presented below. 
All 3 had a tuberculous appendix 
removed. 

Case 20. A 33-)’ear old white male 
with extensive pulmonary tuberculosis, 
rather suddenly and witliont previous ab- 
dominal symptoms, developed severe 
cramping and acliing lower quadrant 
pains. This continued for 24 liours with 
right lower quadrant tenderness and 
slight muscle spasm. There was full 
awareness of die possibility of intestinal 
tuberculosis, but in view of die immediate 
histor}' and physical findings, an appen- 
dectomy was performed. The appendix, 
5 cm. in length and 2 cm. at the base, 
was filled with thick mucopurulent ma- 
terial. ^^icroscop^cally there was seen 
a lumen containing purulent e.xudate, a 
markedly c.vpandcd submucosa with dis- 
crete and conglomerate foci of epithelial 
cell infiltration, caseous necrosis, giant-cel! 
reaction, scattered tubercles in the mus- 
cular coats, and acid-fast bacilli in Ziebl- 
Xeolson stains of the specimens. Strepto- 
mycin was started immediately post opera- 
lively, at a dosage of 2 gm. in 5 doses a 
day, and the surgeon waited for the ap- 
pe.tranco of the expected fecal fistula. 
No fistula developed. The drain was 
removed after 7 days. Healing was nor- 
mal and repe.aled abdominal examinations 
revealed no .sign of remaining disease. 
Streptomycin was discontinued after 31 
days. 

(Obviously some cases of this sort 
can be and liavc been operated on witli- 
out complications, even though sfrepto- 
rnycin was not used immediately post- 
ofv r.iti\ ely. Case No. 24 is of interest 
ill tli.at .an appendectomy was success- 


fully performed and 60 days elapsed 
before streptomycin was used. Usually 
a surgeon should be able to tell from 
the appearance of the tissues whether 
a fecal fistula is to be expected. 

Case 24, A 20-)'ear old colored male 
with far advanced, active, pulmonary' 
tuberculosis had a tuberculous appendix 
remov'cd 60 days before streptomycin was 
started. Abdominal pain and tenderness 
was not relieved. There had been no 
elevation of temperature e.xcept during 
the attack of appendicitis. A gastro-in- 
fesb'nal series, performed 30 days before 
streptomycin was started showed spasticity 
and irregularity’ of contour of the cecum 
and terminal ileum. Thirty-four days 
after institution of streptomycin, a gastro- 
intestinal series showed a decrease in the 
irregularity and spasticity', and 75 days 
after streptomy'cin was started further 
improvement was seen by Roentgen ray. 
On this last examination no deformity was 
visible in the cecum and only a minimal 
amount of irregularity was seen in the 
mucosal pattern of Ae terminal ileum. 
Abdominal symptoms were mild in this 
case, but were relieved following tlie in- 
troduction of streptomycin therapy. 

Anotlier surgical case, admittedly 
hard to evaluate, is presented to il- 
lustrate tlie comph'cations which can 
develop in tliese patients without 
streptomycin, and also the possible 
effect of streptomycin when these com- 
plicah'ons have had ample time to be- 
come established. 

Case 32. F.H., a 52-year old while 

male without sy'mptoms of pulmonary' 
disease, had been admitted for appen- 
dectomy y’ears ago. Following ap- 
pendectomy a fecal fistula developed. 
Eight months later, a tuberculous terminal 
ileum and cecum were removed and a 
double barreled ileo colostomy' was left 
on the right side. Two years ago the 
patient %vas transferred to his present 
hospital. The distal loop of colon had 
undergone progressiv’e contraction and had 
disappeared from tiie surface of the ab- 
dominal wall, leaving tlic pro.ximal ileos- 
tomy draining fecal material. Surgery 
was again resorted to, and a formal 
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closure of the distal colon was made. The 
ileum was involved in more tuberculous 
inflammatory tissue and was resected. An^ 
ileo-transverse colostomy was performed. 
Following this there were occasional bouts 
of abdominal discomfort and alternating 
constipation and diarrhea. Ten months 
ago tire iratient was ti-ansferred to the 
Tuberculosis Service because of the ap- 
pearance of an acinonodose infiltration in 
the lungs and elevated temperatures. 

It should be mentioned for completeness 
that in addition to the enteritis, otosclerosis 
had caused severe deafness, more marked 
during the last 3 years. Tuberculous 
epididymitis and tuberculosis of the blad- 
der were also present. The urine was 
often packed with white blood cells. No 
tuberculous-appearing calyces were seen 
on retrograde pyelography, but a moder- 
ately feevere bilateral hydronephrosis was 
found. 

In spite of dozens of examinations, 
tubercle bacilli could not be found in 
sputum, gastric washings, urine or feces 
until 3 months ago when acid-fast bacilli 
were obtained from a guinea pig inocu- 
lated with the patient’s urine. Soon tliere- 
aftei a gastric washing culture grew acid- 
fast bacilli. 

As a further diagnostic and therapeutic 
procedure (removal or drainage of pus 
beiore specific chemotherapy) the patient 
was persuaded to have his right epididymis 
removed and tuberculous granulation tis- 
sue was found. 

iJuring the last 3 months before strepto- 
m) cin therapy, there developed increas- 
ingly severe attacks of intermittent colicky 
pa.n associated with borborygmus and the 
appearance of distended loops of bowel 
beneath the tliin abdominal wall. These 
attacks came approximately three days 
apart and lasted for a few hours at first. 
Finally, they would continue for 10 or 12 
hours at a time. They usually ended 
suddenly and with tlie passage of watery, 
extiemely foul smelling stools. Often 
demerol or morphine by hj'po was neces- 
sary during the attacks. Bismutli and 
paregoric were ineffective. There was loss 
of weight, fever, weakness and anemia. 
Blood transfusions afforded temporary re- 
lief from the weakness and anemia. 


Courses of penicillin and various sulfa 
drugs were tried several times without 
effect. Eighty-seven days ago (written 
12-20-47) a course of intramuscular peni- 
cillin was started using 50,000 units 3rd 
hour. Seventy-five days ago streptomycin 
0.25 gm., 6th hour, was started. Fifteen 
days later the streptomycin was changed 
to 0.5 gm., 12tli hour. Twelve days after 
streptomycin was started the patient re- 
ported, for the first time, that in spite of 
skepticism engendered by 4% years of con- 
tinued hospitalization for surgical and 
medical treatment, he was actually notic- 
ing improvement. He had slept for an 
entire night without abdominal discom- 
fort. His appetite was much improved 
and he no longer felt obliged to “watch 
his diet.” Examination revealed a much 
softer abdomen but there was still slight 
tenderness on deep palpation in the right 
lower quadrant. Since that time, attacks 
of borborygmus with pain and visible 
bowel loop distention have been much less 
frequent, less severe and of shorter dura- 
tion, 10 days to 2 weeks of complete com- 
fort passing between attacks. Stools, 
previously a foul smelling, thin, irritating, 
dark liquid, have become a normal fecal- 
smelling, light brown with the consistency 
of well cooked oatmeal mush. The tem- 
perature previously above 99, with almost 
weekly spikes above 100, became sub- 
normal and has remained around 98 since 
the first dose of streptomycin. The weight 
has remained near the low of 116 poimds 
in spite of improved appetite. The ulti- 
mate prognosis remains guarded because 
of genito-urinary disease. However, the 
patient has changed from a bitter com- 
plaining invalid who was doubled up in 
pain nearly one-third of the time to a 
smiling man who slaps his “belly” and re- 
ports he “feels better than he has felt in 
years.” 

Influence of Streptomycin On Radio- 
logic Findings. In 17 cases, the au- 
thors examined the roentgenograms and 
were able to discuss the findings with 
one of the radiologists at their hospital. 
A tabulation of findings was attempted 
but was abandoned as impractical be- 
cause of the variation in technique 
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used in various hospitals, the variation 
of findings seen in tlie films, and in ad- 
dition, a generally accepted feeling 
that fluoroscopic findings were of equal 
importance witli tlie study of films. 
Since the impression of fluoroscopic 
findings is usually included in tlie 
Roentgen-ray report tliese reports have 
been summarized in 17 cases where suf- 
ficient pre- and post-treatment reports 
have been available. All of these cases 
showed abnormalities before treatment. 
In 6 of this group the findings returned 
to normal after treatment. In 8 cases 
definite improvement was seen but 
some residual deformity remained. 
Two cases (No. 4 and 8) showed marked 
residual abnormahty and 1 case (No. 
21) developed signs of small bowel 
obstruction. Case 4, who had symp- 
toms for 22 months before treatment, 
showed no demonstrable change by 
Roentgen-ray in spite of a clinical re- 
sponse which was of the usual prompt- 
ness and completeness. 

The most marked disease radio- 
logically before treatment of any of the 
cases studied was seen in Case 8 (see 
clinical summary above), a 28 year 
old white male who had symptoms for 
32 months before treatment. With 
treatment it would appear that ulcera- 
tion healed but that contraction of scar 
tissue caused continued shortening and 
narrowing in the region of the greatest 
disease. One patient (Case 21) devel- 
oped Roentgen-ray signs of small 
bowel obstruction as has been men- 
tioned abov'e in connection with the 
discussion of clinical results. 

From the radiologic standpoint, tliere 
was too much variation in tlie duration 
of intestinal disease, duration of treat- 
ment and duration of follow-up to 
draw any conclusion as to the ideal 
length of treatment. The average time 
required for ma.rimum radiologic im- 
provement, the effect of duration of 
disease before treatment on tlie reversi- 
bility of radiologic abnormalities, tlie 


long-term effects of conti-acting scar 
tissue on bowel outline, are other, at 
present, unanswerable questions inti-o- 
duced by this tlierapeutic innovation. 
Suffice it to say that radiologic normalcy 
can be expected provided the abnor- 
malities are primarily those of local 
irritation, (i.e. spasm, hypermotility, 
loss of haustrations, mucosal irregu- 
larity, and otliers). Where ulceration 
has been deeper, more wide spread and 
of longer duration, and where lym- 
phatic obstruction and interstitial in- 
flammation have desti'oyed normal 
architecture of the bowel wall, irrever- 
sible changes may not only persist, 
but may cause fm'tlier distortion due to 
the contraction of residual cicatrix. 
This residuum will be of only academic 
interest unless the continued conti'ac- 
tion of scar tissue is shown to lead 
frequently or even occasionally to 
bowel obstruction. 

Below are presented the summarized 
Roentgen-ray reports on 17 cases 
chosen because of adequate pre- and 
post-treatment examinations with the 
original interpretations being available. 
In other respects tliey are unselected 
and representative of tlie entire group 
including the 17 cases whose films were 
reviewed by tlie authors. 

Case 1. During 120 days, received in- 
tramuscularly 1 gm. per day, after 10 
months of symptoms. At 45 days before 
streptomycin, gastro-intestinal series show- 
ed irregular terminal ileum and complete 
emptying of the entire bowel in 24 hours. 
At 28 days before streptomycin, barium 
enema showed narrowing of lumen of en- 
tire colon and replacement of normal 
haustrations by numerous small irregu- 
larities of bowel outline, especially in the 
transverse colon. The cecum was small 
and narrow, the ileocecal valves irregular 
and tliickened. At 142 days after strepto- 
mycin, a gastro-intestinal series showed 
normal motility and outline. Two days 
later, a barium enema showed no irritabil- 
ity, obstruction or spasm, and the proce- 
dure caused no pain. 
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Case 2. He received 92 days’ intra- 
muscular treatment of 1 gm. per day 
after 2 months of s 3 'mptoms. At 17 days 
before streptomycin, a gastro-intestinal 
series showed ileal segmentation at 6 
hours; at 7 hours the entire meal was in 
the distal colon. The terminal ileum 
and cecum were not visualized (Stierhn’s 
sign). At 10 days before streptomycin 
the barium enema showed easy filling 
of the distal colon, but poor filling of tlie 
right colon, cecum and terminal ileum. 


y.) 

ized and the cecum slightl)' irregular in 
mucosal pattern. There was much less 
irregularit)', spasm and irritabilit}% Si\ 
days later, tlie barium enema showed the 
ascending colon and cecum only partially 
filled because of the discomfort, and there 
was persistent slight cecal irregularity, but 
no spasm or irritability. At 120 da\s 
after streptomycin the series showed <i 
well filled terminal ileum, cecum and 
ascending colon and no irrcgularit>’ seen. 
The barium enema still showed slichl 



Fig. 3.— Case 2. Barium enema 10 days before streptomycin shows a marked disturb.incc of 
mucosal pattern in the ileo-cecal area with pol\'poid changes and granularity. 


with rapid rejection of barium by the 
diseased portion of the bowel. There 
was a small amount of barium in the 
terminal ileum. Films showed marked 
disturbance of the mucosal pattern of the 
cecal area with polj'poid changes e.xtend- 
ing well up into the hepatic flexure. The 
remainder of the colon showed granular 
mucosa (Fig. 3). At 36 days after strepto- 
mj'cin. the series showed abnormal small 
bowel segmentation, straightening of an 
ileal segment, terminal ileum not visual- 


irritability in cecum and ascending colon, 
which filled easily as did the terminal 
ileum, and slight irregularity in cecum 
and ascending colon, but conlintied im- 
provement each time. At ISO da\s the 
enema study showed only loss of haustra- 
tions m the ascending colon and loss of 
irliability in cecum remaining. A retro- 
cecal appendix was sisualized. Evacua- 
tion film showed slight distortion of nor- 
mal mucosal pattern in the ascending 
colon. At 300 days after streptomycin, a 
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double contrast barium enema showed a 
completely normal colon (Fig. 4). 

Case 3. He received 60 days’ intra- 
muscular treatment of 1.8 gm. per day 
after 4 months of symptoms. At 88 days 
before streptomycin, the barium enema 
showed an irregular, poorly filled cecum. 
At 49 days before treatment, on gastro- 
intestinal series, the cecum and ascending 
colon showed rapid passage of barium. 
At 12 days before treatment, there was 
marked irregularity in tenninal ileum and 
cecum with head of barium column in 
sigmoid at 6 , hours (Fig. 5). After 30 
days of streptomycin, the contrast meal 
showed a narrow, irregular mucosal pat- 
tern in terminal ileum and an irregular 
spastic cecum. After 40 days of treat- 
ments, the barium enema showed a 
“feathery” irregularity of cecum especially 
at ileo-cecal juncture, and absence of the 
spasticity previously seen. At 86 days 
after streptomycin the enema study show- 


ed no deformity or irregularity in colon 
or terminal ileum, and good filling of 
both. At 300 days after streptomycin the 
gastro-intestinal series was normal (Fig. 6). 

Case 4. He received 120 days’ intra- 
muscular treatment of 1.8 gm. per day, 
after 22 montlis of symptoms. At 60 
days before streptomycin tlie gastro-in- 
testinal series showed a markedly irregular 
and narrowing cecum. These findings 
persisted after 120 and 180 da\'s after 
streptomycin, in spite of complete relief 
of symptoms in 2 weeks and reduction of 
stools from 4 to 1 per day. 

Case 5. He received 120 days’ intra- 
muscular treatment of 1.8 gm. per day, 
after 5 months of symptoms. At 20 days 
before streptomycin, the gastro-intesb'nal 
series showed an extensive, spastic filling 
defect of cecum and ascending colon, 
persistent throughout the series (Fig. 7). 
At 50 days after streptomycin, the barium 
enema was interpreted as showing a nor- 
mal intestinal pattern (Fig. 8). 



Fig. 6.— Case S. A film taken 6 Iiours after ingestion of barium meal 500 days after the 'tart 
of streptomycin shows a normal cecum and ascending colon. 





Fig. 7.— Case 5. A film taken 7 hours after ingestion of barium 20 days before streptomycin 
was started shows an e.\tensive spastic filling defect of cecum and ascending colon. 
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Case 6. He received 60 days’ intra- 
museular treatment of 2 gm. per day, 
after 5 months of symptoms. At 12 days 
before streptomycin, the gastro-intestinal 
series showed: cecum and ascending colon 
tubular almost to hepatic flexure with 
complete loss of haustral markings and 
numerous very fine irregularities. At 
59 days after streptomycin, the films 
showed slight widening of lumen of as- 
cending colon and a return of haustral 


spastic. At 60 days after streptomycin the 
gastro-intestinal series showed an irregu- 
larity only in the region of the ileo-cecal 
valve. At 120 days after streptomycin 
the enema showed further improvement, 
no irregularit>- and better cecal filling. 

Case 8. He received 120 days’ intra- 
muscular treatment of 2 gm. per day, after 
32 months of symptoms. At 30 day.s 
before streptomycin the barium enema 
showed a 5 cm. segment just distal to 



Fig. 9.— Case 31. A film taken 6 hours after ingestion of barium 14 days before streploiinim 
was started shows irregularity of mucosal pattern, defective filling, spasm and ulceration of 
cecum and ascending colon, dilated terminal ileum and swollen ileo-cecai v.iKcs uidi .i striiur- 
like terminal ileum. 


markings. Fine irregularities persisted 
and the cecum did not fill. At 120 days 
there was “further improvement but still 
not normal.” 

Case 7. He received 60 days’ intra- 
muscular treatment of 2 gm. per da>', 
after 6 months of s\anptoms. At IS days 
before streptomycin, the gastro-intestinal 
series showed an irregular spastic cecum 
and proximal ascending colon. At 13 
days before treatment, the enema also 
showed same area motheaten, irregular. 


splenic flexure narrowed to one-third and 
irregular contour at the splenic flexTirc. 
and pro.ximal to the splenic flexiire a 4 cm. 
segment of normal colon. The balance 
of transverse, ascending colon and cecum 
were devoid of haustration, and narrowed 
to la and shortened. There w.is a spolb' 
mucosal pattern typical of ulceration. A 
post-evacuation film showed Sla cm. of 
ileum as a “string sign." At 25 days be- 
fore treatment the gastro-intestinal scries 
showed the same, with all but the distal 
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descending colon involved in the ulcerative 
process. There was a small gastric residue 
at 6 hours with most of the barium in the 
ileum and colon. At 30 days after strepto- 
mycin, the barium enema showed a defi- 
nitely lessening spasticity wnth easy filling 
of terminal ileum, the distal several feet 
of which seemed to be involved. At 82 
days after streptomycin, the enema showed 
spasm and narrowing further diminished 
for most of the bow'el, and the ulcerative 
pattern w'as absent. The ascending colon. 


continual narrowing. Several diverticula 
w'ere present on the lateral wall of the 
ascending colon at the level of the ileo- 
cecal junction. There was a narrow ter- 
minal ileum, %vith definite dilatation in 
several coils of ileum. At 150 days 
after streptomycin the series showed the 
stomach emptj' at 6 hours and the head 
of the meal in the distal colon. 

Case 10. He received 14 days’ intra- 
muscular treatment of 2 gm. per day, 
after 5 months of sjnnptoms. At 12 days 



Fig. 10.— Case 31. A film taken 6 hours after ingestion of barium 60 days after streptomycin 
was started show's a normal cecum and terminal ileum. 


however, was narrow’er and shortened as 
compared to prerious films. Post-evacua- 
lion films showed less spasm in tire as- 
cending colon than at pre\ious examina- 
tion. At 91 days after streptomycin the 
scries sliowed at 4 hours a "string-like” 
loop of ileum at level of 15. There xvas 
normal intestinal motility, but a bizarre 
distortion of the terminal ileum and pro.vi- 
mal colon. At 150 days after streptomycin 
the barium enema showed further shorten- 
ing of cccum and ascending colon, with 


before streptomycin, the 4 hour gastro- 
intestinal film show'ed the barium head 
in the rectum. The cecum and terminal 
few centimeters of ileum were ragged. 
At 21 days after streptomycin, there was 
marked improvement of the cecal de- 
formity. 

Case 11. He received 14 days’ intra- 
muscular treatment of 2 gm. per day, 
after 14 months of symptoms. Before 
treatment the barium enema showed 
changes in the cecum and terminal ileum 



STREPTOMYCIN IN TREATMENT OP' TUBERCULOUS ENTERITIS 




and a fistulous tract from the medial 
aspect of the ascending colon just above 
the ileocecal valve. At 14 days after 
streptomycin, there was slight, but defi- 
nite improvement in cecum and fistulous 
tract, represented by only a small out- 
punching at its previous site. 

Case 18. He received 68 days’ intra- 
muscular treatment of 1 gm. per day 
'after 4 months of symptoms. At 12 days 
before streptomycin, the gastro-intestinal 
series showed possible ulceration in the 
terminal ileum, slight hypermotility, and 
spasm in the terminal ileum. At 30 days 
after streptomycin, the series showed a 
normal pattern and motility. 

Case 21. He received 14 days’ oral 
treatment of 2 gm. per day, after 7 
months of symptoms. At 30 days before 
streptomycin, the gastro-intestinal series 
showed a suggestive filling defect in the 
ileo-cecal region. At 17 days before treat- 
ment, the barium enema showed a constant 
filling defect in the region of the ileo- 
cecal valve; tentative diagnosis, tuber- 
culous enteritis. At 14 days after strepto- 
mycin, a 14 ASM flat plate showed 
distended loops of bowel with fluid levels; 
the enema showed normal filling of the 
large bowel, and a small bowel obstruc- 
tion. 

Case 23. He received 120 days’ oral 
treatment ■with 2 gm. per day, after 4 
months of symptoms. At 60 days before 
streptomycin, the gastro-intestinal series 
showed a spastic cecum. At 20 days 
before treatment, the barium enema 
showed a markedly spastic cecum that 
could not be filled. At 155 days after 
streptomycin there was no roentgenologic 
evidence of disease. 

Case 24. He received 30 days’ intra- 
muscular treatment of 2 gm. per day. 
During 45 days he got no treatment be- 
cause of the appearance of toxicity, and 
then 30 days’ intramuscular treatment 
was given: 1 gm. per da 3 ^ A tuberculous 
appendix was removed 2 months previous 
to streptomycin. The duration of symp- 
toms is not known. At 25 days before 
treatment, the gastro-intestinal series 
showed an irregularitj' of tlie distal 5 cm. 
of tlie terminal ileum and some spastic 
irregularity of the cecum. At 41 days 


after streptomycin the series showed the 
region of cecum and ileo-cecal valves 
much better filled and smoother. At 75 
ila\'s after streptomycin, the series showed 
the cecum well rounded and filled, and 

1 he pattern of tlie s.-nall bowel in vicinity 
(jf the ileo-cecal valve more nearly normal. 

Case 25. He received 60 daj's’ intra- 
muscular treatment of 2 gm. per day, 
after 3 months of symptoms. At 40 days 
before streptomycin, the gastro-intestinal 
series showed a contracted irregular cecum 
and lower portion of ascending colon. 
At 30 days after streptomycin, the series 
showed better filling, slight persistent 
irregularity, and considerable impro\’e- 
nient. 

Case 26. He received 14 days’ oral 
treatment of 2 gm. per day, 107 days’ 
intramuscular h'eatment of 1 gm. per day, 
after 4 months of symptoms. At 11 days 
before streptomycin the 6-hour film 
showed some gastric retention, with the 
head of barium at the ileo-cecal valve. 
There was slight distortion of the cecum, 
suggestive of ulceration. At 10 days 
before treatment, the barium enema show- 
ed a deformity of tlie cecum, possibly due 
to ulceration. At 30 days after strepto- 
mycin the gastro-intestinal series was nor- 
mal. At 74 days after streptomycin, the 
6-hour film showed no gastric retention, 
and die head of barium was in cecum. 
There was some constriction in the last 
part of the ileum, suggestive of spasm. 

Case 30. He received 85 days’ intra- 
muscular treatment of 2 gm. per day, after 

2 months of symptoms. At 8 days before 
streptomycin, the barium enema showed 
the terminal ileum markedly contracted, 
questionable contraction of cecum. At 
4 days before treatment, the series showed 
moderate spasticity of the transverse colon, 
and descending colon, induration and 
spasm of the terminal ileum. At 27 days 
after streptomycin the terminal ileum had 
a wider lumen and less irritability, .A^t 
62 days after streptomycin the scries 
showed residual narrowing of the terminal 
ileum, more than on previous examination, 
suggestive of scarring but with no sign 
of activity of the ulcerative disease. 

Discussion. A co-operative study 
involving 15 hospitals, a much larger 
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group of doctors and uncounted num- 
bers of nurses, secretaries, technicians 
and other hospital personnel has been 
summarized by the authors at the re- 
quest of the Veterans Adminisbation’s 
Central OfBce Committee on Strepto- 
mycin. The intricacy of the program 
together rvith its novelty has made it 
difficult to assemble information which 
could be easily handled statistically. 
Fortunately, however, the beneficial 
effect of streptomycin on ulcerating 
tuberculous enterocolitis secondary to 
pulmonary tuberculosis is so apparent 


clinically and by Roentgen-ray that 
detailed analyses of subtle changes is 
unnecessary. The use of streptomycin 
completely alters, for tlie first time in 
the history of tuberculosis, the dread 
outlook of “phthisical persons who de- 
velop diarrhea.” 

Summary; Thirty-three patients suf- 
fering from active pulmonary tuber- 
culosis and a complicating tuberculous 
enteritis have been treated rvith strepto- 
mycin with striking improvement in all 
manifestations of the intestinal disease. 


Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the authors. 
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The usual clinical fragility test with 
hypotonic salt solutions leaves much 
to be desired. It is time-consuming 
and the results obtained with it are not 
always reproducible. Both of these de- 
fects have their origin in the circum- 
stance that it involves a condition of 
osmotic and diffusion equilibrium. This 
requires some time for its attainment 
and it is strongly influenced by factors 
such as temperatme, pH, etc.'’’-® 

The present method® depends upon 
the measurement of rates ratlier than 
final equilibria^ it is therefore more 
rapid than the usual method. Instead 
of an hour or more for the completion 
of a test, an observation time of 3 min- 
utes suffices. Instead of a series of 
hemolytic solutions, only a single solu- 
tion is needed. The amount of blood 
required is very small, a few drops 
from a finger usually being sufficient 
The results are satisfactorily reproduci- 
ble and tliey furnish more varied and 
more complete information tlian do 
those of the older method. Finally, a 
permanent record can be obtained 
which not only shows the cliief peculi- 
arities of the blood at a glance but pro- 
vides quantitative data for more e.xact 
analysis at any time. 

Standard Method. By tliis method the 
course of hemol)sis is followed photograph- 
ically in a solution of a penetratin<j; substance 
such as thiourea or glycerol suitably modified 
by the addition of a small knowm amount of 
sodium chloride. Tiie time of hemohsis of a 
gi\en red cell in such a solution depends in 


part on its permeability to the chosen solute 
and m part on the degree of swelling it will 
tolerate before undergoing hemolysis, i.e , iLs 
fragihty in the usual sense. From a purely 
theoretical iioint of view it might seem un- 
desirable to combine the 2 dissimilar cellular 
properties of permeability and fragihty. Prac- 
tically, however, it is advantageous in that it 
provides a greater number of possibihties for 
the distinction of abnormal from normal cells. 
Since tlie number of penetrating solutes is 
very large, and since the osmotic effect of the 
added salt may be varied over a wide range, 
the experimenter Inis at Jus disposal an almost 
unlimited number of possible test solutions 
from which he may select the one best suited 
to his needs. 

Of the solutions so far imestigated, the 2 
most generally useful are 0.24 M thiourea 
and 0.18 M gl)ceroI, the former containing 
0.18 and the latter 0.36 gm. ““c of sodium 
chloride. Within certain limits, the greater 
the amount of salt the greater will be the 
x’lsible effect of any highly resistant cells that 
may happen to be present. Incre.ising the 
pll of tlie solution has much the same effect 
as increasing its salt concentration. 

The fact that the hemolytic test solution 
contains at least one-fifth of the isotonic con- 
centration of sodium chloride has an import- 
ant practical advantage, namelv that the 
erytlirocytes to be exammed may be collected 
in a buffered O.QCo solution of sodium chlor- 
ide, which is then automatically diluted to 
the proper extent (c.g., 1 p.irt of erythrocyte 
suspension to 4 p.irts of pure 0.3 M tliiourea 
or to 1 part of 0.9So X.iCl plus 3 puts of 0.3 
M glycerol) at the time the test is made. In 
this wav a very small .imount of blixid suf- 
fices for the test, no anticoagulant Ls needed, 
the pH IS kept under control at all times, 
mixing by pouring the hemolytic solution 
into the suspension occurs in .i rc producible- 
way, and exact me.isureinents of all volumes 


® A brief note conceminc this method appe-ored in the Proctedings 
Society for 1916—17 {Ain. }. .Vfeil Set, 212, 756, 1916). 


of the PiuLadciphia Pess.u’w^.cal 


( 17 ) 
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can be made with ordinary volumetric pip- 
ettes 

In the preparation of die necessary solu- 
tions sodium chloride which is free from 
silvert -12 (eg, Merck’s “reagent, for biolog- 
ical use”) and glycerol and thiourea of the 
best quahty should be employed. Smce the 
permeabihty of human erythrocytes to gly- 
cerol and their rate of hemolysis in glycerol 
solutions are greatly decreased by traces of 
copper, 5 <*. it IS essential in work with tlus 
solute to use copper-free distilled water for 
all solutions. 

For the maintenance of a pH value of 
approumately 7 4 { evcept when otlierwise 
desired) the blood is collected directly in 
0 9% NaCl buffered 1 in 20 with an isotomc 
phosphate muture havmg tins reaction, the 
subsequent changes caused by dilution are 
reasonably constant from experiment to ex- 
periment A phosphate solution which at pH 
7.4 is very nearly isosmotic with blood may 
be prepared by addmg concentrated HCl 
drop by drop to M/8 Na^HPO^ until the 
desired pH is attained This stock solution 
keeps well m the refrigerator, but its dilute 
mixture in NaCl does not, and should there- 
fore be freshly prepared at frequent intervals 

If a known volume of blood is collected 
with a syringe from a vein without stasis, it 
IS sometimes advantageous to dilute it exactly 
25 times with the buffered salt solubon, after 
a further ten-fold diluhon its hemoglobin 
xalue can then be determined by direct com- 
parison with the frequently-employed acid 
liemahn or hemoglobin standards for a 250- 
fold dilution of blood For hemolysis tests 
alone, however, an enlircl, adequate blood 
suspension can be prepared from a few diop'> 
of finger blood widiout ex.ict measurement, 
care merely being taken to keep its concen- 
babon below the point at uhicii coagulabon 
IS possible In cases of severe anemia, m order 
to obtain a sufficiently concenbated suspen- 
sion, it IS sometimes necessary to add a bace 
of heparin to tlie buffered salt solution or to 
cenbifuge a more dilute suspension. For 
further study tlie imbal suspension in all cases 
is brought to a chosen optical density, either 
accurately xxith a Klett-Summerson photo- 
ekcbic colorimeter, usmg the red filter, or 
.ipproximately by the procedure described 
below It IS tlien ready for use. 

While immediate examination of a sample 
of blood IS desirable, properly prepared ini- 
tial suspensions may be kept for a time in a 
refrigerator Normal blood under these con- 
ditions pre'serxes its properbe-s kiirly well for 


several days, some kinds of abnormal blood 
change more rapidly, but are nearly always 
usable for 12 hours or more When blood is 
so kept. It is of course necessary to adjust its 
temperature before using it for a test Proper 
temperature conbol is very unportant, par- 
hcularly when an accurate quantitahve an- 
alysis of tlie thiourea hemolysis curves is 
desired In our own work a temperature of 
24* C has been found to be a convenient 
compromise behveen winter and summer 
room temperatures 

The properties of the entire erythro- 
cyte population of the blood are best 
shown by means of a photographic 
hemolysis curve. The apparatus em- 
ployed for this purpose is a modifica- 
tion of that first suggested independ- 
ently by Parpart^^ and by Orskov.^® 
Our own form of it employs as a very 
constant source of light, a Mazda No. 
1183 50 candle power bulb operated 
by 6 Exide 7-plate chlonde type stor- 
age cells arranged as a series of 3 par- 
allel pairs. The light passes through the 
suspension of hemolyzing cells con- 
tained m a tube in a water bath to a 
Weston No. 594 photronic cell. A very 
sensitive and rapid Kipp and Zonen 
micro-galvanometer, an appropriate 
light projector, and a Cambridge re- 
cording camera, suitably slowed by 
gears, complete the equipment. 

A useful form of record (Figs. 1 and 
2) is one in which exposures are made 
every 10 seconds for exactly 3 minutes. 
At the begmning of each record there 
is indicated the position of no hemoly- 
sis, and at its end that of complete he- 
molysis, the necessary standards being 
obtained by appropriate dilutions of 
the working suspension with isotonic 
salt solution and saponin-containing 
distilled water, respectively. 

Results. Figs. 1 and 2 will serve 
to illustrate the general nature of the 
results yielded by the methodf; fur- 
ther applications to clinical problems 
will be discussed by several of our as- 
sociates.- The fbst 2 records in Fig. 1 
are “normal” thiourea curves; with mi- 


t CiAtcful oi-ixiiowledgincnt is made to all tlie pcnon5» too numerous to mention individually, who 
aAiiJtc’J ui tit obtainm^ saniplcs of abnonnal blood with accompan>m^ diagnoses and tlinical data, or 
who fumuhtd thtir own blood for tlic cstabbsluntnl of the nonnji range of variation. 
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nor modifications they would represent 
the behavior of almost all of our series 
of over 200 healthy white subjects of 
both sexes. The corresponding curves 
for Negroes tend— though with excep- 
tions— to rise more slowly than those 
for whites. The chief features of a 
“normal” thiourea curve at a tempera- 
ture of 24° C. and a pH value of 7.4 
are: (a) an initial slow rise occupying 
a time of from a little less than a min- 
ute to 70 seconds, or occasionally more, 
(b) a sudden acceleration of the rise, 


4<> 

marked by the appearance of a more or 
less distinct “angle” where the slope oi 
the curve abruptly changes, (c) a rap- 
id rise lasting perhaps 50 to 70 seconds, 
and (d) a final slow rise which virtu- 
ally ceases long enough before the end 
of 3 minutes to give a flat top to tlie 
curve at or near the level of complete 
hemolysis. 

It is easy to show that the initial slow 
rise is due to swelling of the cells with 
little hemolysis. It is only necessar)' at 
the end of any selected time to add 




Fig. 1.— Hemolysis in a mixture of 4 parts of 0.3 M Uiiourea and 1 part of NaCI. Fhotograpliic 

recording for 3 minutes at 10 second intervals. Ordinates represent the extent of swelling and hemolysis; 
abscissae, time. Slight differences in the speed of the camera do not prevent accurate comparisons, since 
each record carries its osvn time scale. 

Above (from left to right): (a) a typical white nonnal individual, (b) a second typical normal, (c) 
an apparently normal individual in whom a slightly increased fragility has been regularly demonstrable for 
almost 5 years, (d) a somewhat resistant normal, (e) bank blood after storage for 3 weeks. 

Below (from left to right): (f) nutritional anemia, (g) hemolytic anemia, (h) primary pernicious .memi.i, 
(i) sickle cell anemia, (i) carcinoma of the cecum. 



Fic. 2.— Hemolysis in a mixture of 3 parts of 0.3 M glycerol and 2 parts of O-O?-) NaCl. The curses 
■present the same samples of blood as in Fig. 1, arr.angcd in the same order, and similarly recorded. 
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enough concentrated sodium chloride 
to the tube containing tlie cells (i. e., 
0.6 ml. of 30% NaCl to 25 ml. of sus- 
pension) to bring the total concentra- 
tion of NaCl to approximately 0.9%. 
Hemolysis is thereby stopped and the 
contents ot the tube may now be cen- 
trifuged and its hemoglobin content 
determined. It is rare with the blood of 
healthy persons under these conditions 
to find any very considerable amount 
of free hemoglobin in less than one 
minute. Above the “angle" of the curve 
the amount of hemoglobin so found 
increases rapidly. The characteristical- 
ly steep slope of the curve in this re- 
gion is due to the fact tliat in normal 
blood most of the erytlurocytes have 
fairly similar osmotic properties and 
undergo hemolysis at nearly the same 
time, witli only a few ot the most re- 
sistant cells remaining to account for 
the final slow leveling off of the curve. 

The presence of abnormally fragile 
cells is clearly indicated by a shorten- 
ing of the time required to reach the 
“angle”, which in e.xtreme cases may 
even fail to appear at all. A good e.x- 
ample of this condition is sho^vn in 
Fig. Ig representing blood from a case 
of hemolytic anemia. The rapid rise of 
the curve and the absence of any “an- 
gle” are obvious at a glance. We have 
also observed the gradual disappear- 
ance of the “angle” in bank blood test- 
ed at intervals over a period of several 
weeks (Fig. le). 

The opposite abnormality of e.x- 
treinely high osmotic resistance of at 
least some of the cells is illustrated in 
Figs. Ih, li, and Ij, representing per- 
nicious anemia, sickle-cell anemia, and 


carcinoma ot the cecum, respectively. 
Not only is the rise of the curve slower 
and more uniform here than in the case 
of normal blood but tire level attained 
in 3 minutes is much lower. Sometimes 
in such cases the curve is convex above, 
sometimes it is concave, and sometimes 
it approaches a straight line. A further 
analysis of such differences, either with 
or without changes in the amounts ot 
NaCl added to tire hemolytic solutions, 
may perhaps yield additional informa- 
tion of value. 

We have made many comparisons of 
hemolysis curves such as those in Fig. 
1 with fragility determinations of the 
usual sort and have never failed to find 
a general parallel in the results.! The 
present method, however, yields much 
more detailed and reproducible infor- 
mation than the older one, does so in 
a much shorter time, and requires only 
a single solution for cells having all 
possible degrees of susceptibility to os- 
motic hemolysis from the most extreme 
fragihty to the most extreme resistance. 
The reproducibility of the results is 
well shown by repeated observations 
on the blood of a single individual. It 
happens that one of die authors, who 
is in good health as far as is known and 
has a normal hemoglobin value, has 
erytlurocytes that are noticeably though 
not very strikingly more fragile than 
those of most other normal subjects, 
tire difference with hypotonic salt so- 
lutions amounting to a few hundredths 
of 1% of sodium chloride. During a pe- 
riod of nearly 5 years he has had oc- 
casion to obtain dozens of curves simi- 
lar to Fig Ic. Over this entire period 
the “angle” of his thiourea curve has 


X For the accurate measurement of fragility >vith h>T>olonic salt solutions the following method has been 
lound to bo both reliable and ton\t.nitnt. Two stock solutions are required (a) 1 part of 0 NaCl to 
3 ports of distilled water and (b) 2 parts of 0.9®o XaCl to 3 of water. When 4 parts of solution (a) 

oro poured mlo 1 jiart of the adjusted bulfcxcd cell suspension, the cells arc thereby almost instantaneously 

*apo>e'd to 0 36^a NaCl When solution (b) is siinilari> eniplo>C‘d, the conresi>onding concentration is 
9 I"*' NaCl Under thf>e eundit oiis it 21® nonn il erythrueeto at the end of 3 inmutes show almost 
hut not quite complete* hemolysis m Uic former and a eery slight degree of hcmol>sis in the latter solution. 
The 2 solutions together, therefore, servo to demonstrate with considerable quantitative exactness the 
pi»senec of abnomiallv resotout and abnonnally fragile ttU>, re*spctti\ely The necessary measurements 
juav be made cither on tlio hemoglobm content of the external liquid or on the optical density of the 
vuqHuion Itself In llit* latter case it should be remembered that an increased transmission of light may 

l-A eaus«.\l hv a \wiUmg of the Cells as well as l>\ hemolysis. 
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never failed to appear about 10 sec- 
onds earlier than that of most other 
normal thiourea curves. On the other 
hand, an apparently equally healthy 
colleague for more than a year has 
shown an equally constant shift of his 
“angle” by some 20 seconds in the op- 
posite direction. In abnormal bloods 
such individual differences are much 
more striking, and have been found in 
many cases to be equally reproducible 
from day to day. 

For some purposes the glycerol-NaCl 
solution mentioned above has proved 
to be useful. In general, it emphasizes 
more strongly than does the thiourea 
solution the presence of cells of very 
high osmotic resistance, since it con- 
tains enough salt (0.36% after mixing 
with the cell suspension) to prevent 
completely the hemolysis of such cells. 
On the whole, the results obtained with 
this solution have been especially in- 
structive in cases of pernicious anemia 
and carcinoma of the gastro-intestinal 
tract (compare for example Figs. I and 
2 in which the same individuals are 
represented). In view of the finding of 
Dziemian^ that in the rabbit the per- 
meability of reticulocytes to glycerol is 
enormously greater than that of ma- 
ture erythrocytes, it will be interesting 
to observe witli care the form of the 
glycerol curves of human subjects hav- 
ing high reticulocyte counts. 

Colorimeter method. When the necessary 
equipment for the standard method is not 
available, much the same type of informa- 
tion can be obtained with the same solutioas 
and blood suspensions in several other ways, 
though without the advantages of photo- 
graphic recorchng. One method is to use a 
Klett-Summerson photoelectric colorimeter for 
following the course of hemolysis. Unfortu- 
nately, direct observations of hemolyzing 
erythrocytes with this instrument fail to 
bring out differences between normal and 
abnormal bloods as clearly as does the stand- 
ard method, which has a greater relative 
sensitivity in the important upper part of tlie 
hemolysis curve. Accurate temperature con- 
trol of a tube in the colorimeter is also dif- 
ficult, and there is an appreciable lag in fol- 


lowing rapid optical changes. Despite tlies 
difBculties, however, any considerable osiuotu 
abnormalities of erythrocytes can readily be 
detected by this metliod. 

For greater accuracy it is sometime.s 
advantageous to carry on the process ol 
hemolysis at a constant temperature 
outside the instrument and then to stop 
it at selected points by the sudden ad- 
dition of a sufficient amount of ven' 
concentrated sodium chloride to bring 
the concentration of the entire mixture 
to 0.9%. Accurate leisurely readings of 
the suspension may then be made with 
the red filter, or of its free hemogloljiii, 
after centrifuging, with the green filter. 
A time of I minute witlr the thiourea 
mixture is suitable for showing in this 
way the presence of abnormally fragile 
(or permeable) cells; a time of 3 min- 
utes that of abnormally resistant ones. 

Slit method. At times it may he desirable 
with no apparatus but a few test tubes to 
examine a sample of blood for indications of 
the nature and approximate magnitude of its 
possible departure from osmotic normality. 
This can be done as follows; A reasonably 
constant source of liglit is first proyided by 
making a small slit (c.g., 1 x 25 mm) in a 
piece of blackened cardboard, pasting a piece 
of tissue paper over its rear surface, and 
placing behind it a suitable electric light bulb. 
The time is then measured at which the slit 
just becomes visible when viewed through a 
hemolyzing suspension in a 25 x 200 mm. 
test tube, the tube being held close to the 
eye and gently rocked from side to side. 

Since it is presumed that no instniment is 
available for the standardization of the work- 
ing suspension, this is done by' eye. First 0.5 
ml. of the original concentrated suspension U 
placed in a clean test tube of the dimensions 
mentioned, then unbuffered 0.9% XaCl is 
added until the slit just becomes visible when 
viewed through the contents of the tube. A 
mark is made on the tube at the top level of 
die diluted suspension and the latter is poured 
into another similar tube for reference later, 
if needed. Xaxt 10 ml. of die original sus- 
pension is placed in the marked tube and 
bulFered XaCl is added to the mark, dms 
giving a suspension 20 times as concentrated 
as that dirough which the slit can just be 
seen. When tliis suspension is diluted 5 tiine.s 
and is then allowed to undergo hemolysis, 
the slit should again be seen when three- 
quarters of the cells have disapjx'arod- 
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Jacobs, stewart, beown, kimmeiaian; 


Though this approximate method of calcula- 
tion neglects the optical effects of free hemo- 
globin and of swelling of the unhemolyzed 
cells, it nevertheless leads to a very satis- 
factorily reproducible end-point, even in tlie 
hands of different observers at different times. 

The “slit time” for approximately 
75% hemolysis with normd blood in 
the thiourea solution is usually of tlie 
order of 2 minutes at 24° C.; with very 
fragile erythrocytes it may fall below 1 
minute and with highly resistant ones 
it may rise as high as 10 minutes, or 
even more. It frequently happens that 
the differences between normal and ab- 
normal blood are more conspicuous at 
slit times representing more than 75% 
hemolysis. In such cases the working 
suspension can be made more than 20 
times as concentrated as the one 
through which the slit is just visible. 
It is also sometimes advantageous in 
working with this method to exagger- 
ate the effect of highly resistant cells 
by increasing the amount of salt in the 
hemolytic solution. The necessary de- 
tails of this and otlrer procedures will 
readily suggest themselves in practice. 

Electrocardiograph method. This method, 
developed by our associates W. E. Love, R. 
E. Edelfaerg, and E. F. MacNichol, combines 
the desirable features of the standard method, 
including photographic recording, with greater 
availability and compactness of equipment. 


Records obtained with it will appear in the 
following paper by Dickstein et al.-, and 
it will be described in detail elsewhere^. 

Summary. In order to avoid certain 
sources of error in the usual clinical 
fragility test with hypotonic salt solu- 
tions, as well as to shorten the time and 
reduce the number of solutions re- 
quired for a test, an alternative proced- 
tire is suggested in which a continuous 
hemolysis curve is obtained, either 
with or without photographic record- 
ing, in a solution containing a penetrat- 
ing solute such as thiourea or glycerol. 

The hemolysis curves of more than 
200 normal subjects obtained in this 
way have shown a very satisfactory de- 
gree of similarity and reproducibility. 
Small individual peculiarities, when 
present, may reappear with constancy 
over a period as long as 4 years. 

Characteristic and easily recogniza- 
ble departures from normality have 
regularly been found in certain of tlie 
blood dyscrasias. Evidences of abnor- 
mal fragility and abnormal resistance 
shown by the hemolysis curves, in gen- 
eral, run parallel with those obtained 
witli hypotonic salt solutions, but the 
new method brings out more detailed 
differences and yields more reliable re- 
sults than the older one. 
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Arnoimalities of the osmotic re- 
sistance of erythrocytes in various blood 
disturbances have been recognized for 
many years and are frequently looked 
for as an aid in diagnosis. The usual 
fragility test, which employs hypotonic 
salt solutions, is not always satisfactory, 
and its uncritical use has led to man}/ 
contradictory statements in the litera- 
ture. One of the most frequent sources 
of error in the test, as ordinarily per- 
formed, is the failure to contiol such 
critical variables as pH and tempera- 
ture. Jacobs and Parpart^® have shown 
that a temperatm'e change of 0.5° C. or 
a pH change of 0.05 units has a meas- 
urable effect on the osmotic resistance 
of erythrocytes. Additional factors fre- 
quently neglected are o.xygenation, 
relative proportions of cells and solu- 
tions, manner of mixing, and duration 
of exposure. 

Jacobs and his associates^® have re- 
cently developed a method which 
largely eliminates tliese various sources 
of error, and which has been found 
to give reproducible results over a pe- 
riod of years. This metliod, adapted 
for photographic recording witli a port- 


able electrocardiograph as suggested 
by Love, Edelberg, and MacNichol,-" 
has been used in the present study. 
The hemolytic solutions employed 
were those recommended by Jacobs, 
namely: (1) 0.18M glycerol in O.SG^/c 
NaCl, (2) 0.24M thiourea in O.l8^/o 
NaCl, (3) 0.47% NaCl, and (4) 0.36^; 
NaCl. Each solution has its own par- 
ticular usefulness, as will appear later. 

Procedure. The blood for the test is 
collected directly into a small test tube 
containing 0.9% NaCl solution buffered 
to pH 7.4 with an isotonic phosphate 
buffer. Eight drops of finger blood usu- 
ally suffice. Collection from a finger 
rather than from a vein enhances the 
value of this test in pediatiic practice. 
The suspension so obtained is then diluted 
with more of the buffered salt solution 
to a chosen optical density as measured 
with a Klett-Summerson photoelectric 
colorimeter, using the red filter. Oxygen- 
ation is virtually complete in such suspen- 
sions. One part of this suspension .ind 4 
parts of the hemolytic solution arc then 
separately brought to 24— 0.5°C. After 
sudden mixing, the changes in light trans- 
mission which accompany the swelling 
and hemolysis of the cells are recorded 

( 54 ) 
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photographically for 3 minutes at a con- 
stant temperature of 24° C.* 

Figure 1 shows a set of typical curves 
obtained from the blood of a normal 
white adult, using the 4 hemolytic solu- 
tions. Each record shows, first, the de- 
flection produced by a non-hemolyzed sus- 
pension of the cells being studied. Fol- 
lowing a depressed signal point, the 
course of swelling and hemolysis is shown 
at 6 second intervals for 3 minutes. Fin- 
ally, following another signal point, the 
deflection of a completely hemolyzed so- 
lution is shown. 


„„| 0 " 


Glycerol Tbioureo 


» I 1 


.47^0 saline 36^0 saline 


Fig. I.— Records obtained from a typical 
wliitc normal with the solutions indicated. 
Ordinates indicate swelling and hemolysis of 
the erythrocytes; abscissae indicate time, re- 
corded at 6 second intenals. A record of O^c 
hemolysis and lOO^c hemolysis is indicated 
before and after each ciir\-c. See text for 
details. 

For the purpose of analysis, the amount 
of rise at the end of a S-minute period is 
compared with that corresponding to com- 
plete hemolysis, and the ratio is e.vpressed 
as a percent of the ma.ximum deflection. 
.AithoiigJj the percent deflection does not 
ecpial numerically the percent hemolysis. 


it is related to the latter in a reproducible 
manner; the greater the percent deflection 
the greater the fragility of the cells. It 
should be noted that small deflections may 
be produced by swelling alone witirout 
hemolysis. 

Results. Having available a delicate 
method which gives reproducible re- 
sults, it has seemed worth while to re- 
investigate the osmotic behaviour of 
normal erythi'ocytes, and of those found 
in several types of anemia. This study 
comprises observations on 170 normal 
and 90 abnormal individuals. The nor- 
mal group was composed of healthy 
individuals free from anemia. Eacli 
abnormal case was diagnosed on the 
basis of clinical and laboratory find- 
ings other than the fragility test. No 
individual witlr a questionable diag- 
nosis was included. All samples of 
blood were obtained by the method 
described, and tested with the 4 
hemolytic solutions within 6 hours of 
collection. All data except tlrose for 
0.47^ NaCl appear in Table 1. Re- 
sults of hemolysis with the latter so- 
lution have not been found to be ab- 
normal in any condition tested e.vcept 
in congenital hemolytic icterus, in 
which the fragility is increased. Fig- 
ures 5 and 6 show typical photographic 
records for each abnormality to be dis- 
cussed. 

Children vs. adults. It has not gen- 
erally been recognized by clinicians 
that there may be a marked difference 
between the osmotic resistance of tlie 
erythrocytes of adults and children. 
One worker®* finds no difference; an- 
other** notes that children are “slightly 
more resistant.” 

The infants and children studied 
were from a boarding school and from 
the surgical wards of The Children’s 
Hospital of Philadelphia (those admit- 
ted for elective surgery, uncomplicated 
by blood disorders). Medical students. 


•The recordings were made in the Department of Physiology, Medical School, University 
of Pennsylvania, and were facilitated by a grant to Professor M. H. Jacobs. 
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nurses, and other persons associated 
witli the Medical School of the Uni- 
versity of Pennsylvania were used as 
normal adults. In all subjects hemo- 
globin determinations were made^^ and 
only persons showing normal values 
were included. The moist non-stasis 
sickling test*- was performed on all 
Negroes and only non-sicklers were in- 
cluded in the normal group. 

The percent deflection attained at 
the end of 3 minutes with each of the 
3 hemolytic solutions is given in Table 
1. The range and mean values ai'e 
shown. It will be noted that the os- 
motic resistance in the white age group 
up to 10 years shows greater variation 
than that found after the 10th year, 
the former being more resistant on the 
average. This difference in the aver- 
age values for the glycerol solution is 
shown in Figure 2. The range of val- 
ues appears in full in Table 1. There 
appears to be little difference among 


the first 6 age groups in the table witli 
any of the solutions. In O.SG^o NaCl 
the 63 white individuals under 10 years 
averaged 89.7% deflection (range 73- 
100) and the 62 cases over 10 years 
averaged 95.2% (range 90-100). Lesser 
differences in the same direction were 
noted with tlie thiourea solution. The 
difference between Negro adults and 
children is less marked than that among 
white subjects. For the proper eval- 
uation of abnormal blood, tlierefore, tlie 
characteristic differences between chil- 
chen and adults must be taken into 
account. 

Whites vs. Negroes. The red cells 
of the Negroes e.xhibit greater varia- 
tion than do those of whites (Table 1), 
and on the whole are more resistant. 
This average difference between the 
adults of the two races is shown for 
the glycerol solution in Figure 2. In 
the 0.36% saline the Negro cliildren 
averaged 78% deflection at die end of 


*The detailed data for white normal adults, from which values used in this paper have 
been taken, will appear in a study of carcinoma by hvo of the authors (Wilson and Landmesser). 


TABLE l.-SUMMARY OF OSMOTIC RESISTANCE VALUES FOR THE SUBJECTS 

STUDIED 

Per cent deflection after minuter. 



.lyt’ 

Hu u>jc 

iVo. of 
Coses 

Glycerol 

Mean Itamjc 

Th 

Mc’in 

ionrcd 

Ha ngc 

OjrS/c 

Mean 

Saline 

Ha n-je 

Normal While 

15-65 yrs. 

50 

91. 

. 5 

80-100 

99.0 

91-100 

95.3 

90-100 

Normal White 

10-15 yrs. 

12 

90. 

1 

80-100 

9.9 . 3 

98-100 

95 . 1 

90-100 

Normal AYhite 

5-10 yrs. 

10 

80. 

6 

62-90 

90 

80-100 

91 

73-98 

Normal White 

1-5 yrs. 

11 

81 


70-95 

98 

90-100 

91 

89-98 

Normal White 

3—1 yrs. 

7 

75 


62-9 1 

97 

91-100 

88 

80-98 

Normal AVhite 

2-3 yrs. 

11 

71 


60-82 

98 

96-100 

87 

76-99 

Normal White 

1-2 yrs. 

8 

80 


70-88 

90 

80-100 

90 

8.5-98 

Normal White 

0-1 yrs. 

13 

73 


60-90 

95 

88-100 

87 

75-100 

Normal Negro 

15-60 yrs. 

15 

71 


38-88 

81 

52-99 

76 

35-92 

Normal Negro 

10-15 yrs. 

10 

66 


10-92 

91 

6 1-1 00 

76 

50-96 

Normal Negro 

.5-10 yrs. 

•li 

72 


54-90 

90 

78-100 

81 

69-98 

Normal Negro 

1-5 yrs. 

7 

58 


38-90 

85 

50-100 

67 

10-96 

Normal Negro 

3- 1 yrs. 

10 

72 


6 1-92 

95 

90-100 

81 

7 1-96 

Normal Negro 

2-3 yrs. 

!) 

69 


16-80 

95 

80-100 

79 

6(1-9 1 

Normal Negro 

1-2 yrs. 

!) 

19 


10-71 

82 

6.5-9 1 

61 

12-81 

Normal Negro 

0-1 yra. 

9 

64 


11-88 

82 

60-98 

80 

70-95 

Sickle Cell .Vuemia 

9 mo.s- 

2.S 

25 


17-30 

39 

2 1-56 

29 

16-13 

Sickle Cell Trait 

1 1 yrs. 

9 mos.- 

11 

39 


30-65 

80 

58-90 

16 

30-.55 

Cooley’s .\uemia 

11 yrs. 

2-13 yrs. 

7 

16 


30-56 

70 

52-87 

.55 

38-70 

Cooley’s Carriers 
Adults 

17-63 yrs. 

12 

33 


23-55 

79 

52-9f. 

10 

2a-61 

Cooley’s Carriers 
Children 

2-7 yrs. 

6 

10 


30-18 

72 

15-85 

15 

38-53 
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3 minutes (range 40-98) as compared 
with 90% for white children (range 73- 
100); Negro adults averaged 76% deflec- 
tion at the end of 3 minutes (range 35- 
92) and the white adults averaged 95% 
(range 90-100). This difference be- 
tween whites and Negroes has been sus- 
pected by a number of workers/^*-® but 
apparently not until recently has it 
been clearly demonstrated^^ by simul- 
taneous and exactly comparable exami- 
nations of blood from individuals of the 
two races. 


end of the 3 minute period was 39% 
while that for normal Negroes of the 
same age group was 90%. However, in 
this solution the highest two of the 28 
anemic individuals overlap the lowest 
three of the 66 normal children. Similar 
results were obtained with the 0.36% 
saline in which the anemic average was 
markedly lower than the normal aver- 
age with a few cases overlapping. 
Figure 6 shows a typical record ob- 
tained with each of the 4 hemolytic 
solutions. 


NESSO, 



Fig. 2.— Average deflection attained in the glycerol solution for the various age groups in 
Negroes and whites. The higher the bar the greater the fragility. 


Sickle Cell Anemia. There are con- 
tradictory statements in the hterature 
as to the fragility of the red cell in 
sickle cell anemia. One author* claims 
that the fragility is increased; others®-” 
state that it is decreased. None of 
these workers mention possible racial 
differences in fragility, and since the 
race of their controls is not usually 
stated, it is possible that many of the 
latter may ha\e been whites. 

.411 of the 28 individuals having 
sickle cell anemia had a marked in- 
crease in resistance of their red cells. 
•Shown in Figure 3 is the percent de- 
flection in glycerol for each case. It 
will be noted that with this solution, 
there is no overlap with the normals 
(Table 1). With the tliiourea solution 
the •I'.erage for sickle cell anemia at the 


Sickle Cell Trait. As with the active 
sickle cell anemia, reports are contra- 
dictory. One author states that the fra- 
gility is normal;® others find it de- 
creased.”-*® Here again there is a 
question as to the race of the controls. 

It is apparent from Figure 3 that the 
average resistance in glycerol for the 
sickle cell trait lies between the values 
found for normal Negro children and 
for children with the active anemia, 
although a considerable overlap is 
found when individual cases are con- 
sidered. In both thiourea and 0.36% 
NaCl solutions these same deviations 
from normal were found. 

It is evident from the overlap found 
when individual cases are considered 
that osmotic resistance is not as satis- 
factory for differentiating the Negro 
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with sickle cell trait from the normal 
Negro as is the moist non-stasis sickling 
test in common use. It may be possible 
with a more refined sickling test to 
obtain a more definite correlation be- 
tween osmotic resistance of the red 
cell and sickling. It has been noted 
in several instances that families with 
positive evidence of sickling among one 
or more members, contained persons 
with increased resistance of their red 
cells although the latter were negative 
to the sickling test. 


All of our 7 cases have shown great-'i 
resistance than normal. Since the in 
dividuals with this disease were oi 
Italian stock, 22 normal Italians were 
studied. No significant dift'erence from 
other white normals was found. Figure 
4 shows the values obtained in 0.36 
saline compared with those of normal 
children. Using glycerol as the heino- 
lyzing solution, the blood of patients 
with Cooley’s anemia averaged 4G^/r 
deflection (range 30-56), while the nor- 
mal children averaged 75% (range 62- 
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Fig. 3.— Percent deflection attained in 3 minutes with the glycerol solution. Each bar repre- 
sents i individual. The higher the bar the greater the fragility. 
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Fig. 4.— Percent deflection attained in 3 minutes with the 0.369b saline solution. Each b.ir 
represents 1 individual. The higher the bar the greater the fragility. 



Mediterranean anemia (Cooley’s Ane- 
mia). The high osmotic resistance of 
erythrocytes from children with 
Cooley’s anemia has been noted by a 
number of autliors.’^’^’^®’-’’"® Barx'ett- 
has demonstrated tliat the target cell 
is resistant to osmotic hemolysis. Baty, 
Blackfan, and Diamond^ report that 
hemolysis begins in a more concen- 
trated saline solution than that of tlie 
control, i.e., tliat some of the cells are 
abnormally fragile. 


95). The blood in this anemia, con- 
trary to the above report, has shown no 
abnormal degree of hemolysis in 0.47(r 
saline. Since all of these cases were 
receiving periodic transfusions it seems 
likely that many normal red cells were 
pre.sent in the circulation. It is prob- 
able that this dilution of thalassemic 
cells with normal ones hiis gi\en more 
nearly normal values than would ha\e 
been the case in the untransfused pa- 
tient. The 2 individuals with the most 
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cells found in the carrier state are ap- of the 8 cases studied is shown in Fig- 
parently more resistant than those in ure 5. Both the glycerol and thiourea 
patients with active anemia, perhaps curves in congenital hemolytic icterus 
because of periodic transfusion of the rise more rapidly than tliose of normal 
latter. blood. The 0.47% saline curve rises 

The osmotic resistance test appears to a height well above tlie highest nor- 
to be of value for the detection of both mal, indicating abnormally fragile ery- 
active and carrier states of Cooley’s tluocytes. It should be noted that nor- 
anemia, and is a valuable tool for the mal cells also show a rise in this so- 



Fig. 6.— Typical records. See Fig. 1 for interpretation of the curves. 

genetic study of this condition, as has lution, tliough a much smaller one, due 
been suggested."^ chiefly to swelling of the cells rather 

_ . , XT 1 . T rri to hemolysis. In 2 suspected 

Congenital Hemolytic Icterus. The congenital hemolvtic icterus 

increased fragility of erythrocytes in demonstrated ^agile cells 

congenital hemolytic icterus is well detected by the usual 

known. Clear cut cases may be de- fiatrilitv test. 

tected with the crudest methods, but Among our cases is a Negro child 
patients with slightly fragile cells may ^ith the typical bone changes of a 
easily go unnoticed if a refined tech- chronic hemolytic anemia, micro- 
nique is not used. For tlie detection spherocytosis, a negative sickling test 
of fragile cells, the 0.47% saline solu- and markedly fragile cells. We have 
tion has been found the most valu- found S such cases reported in tlie lit- 
able. The photographic record of one erature to date.^^’--’-^'*' 
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Miscellaneous. We have studied the 
bloods of 10 white and Negro children 
with nutritional anemia. All fell within 
the normal ranges for then- correspond- 
ing age groups. We have followed the 
fragility of 1 case of proven iron de- 
ficiency anemia for a period of 4 
months, before, during and after treat- 
ment, and found no significant change 
e\’en 6 weeks after the hemoglobin 
level reached normal. 

Two adults with primary pernicious 
anemia thus far studied showed def- 
initely more resistant cells tlian nor- 
mal.* In 2 children with long standing 
congenital hypoplastic anemia no ab- 
normality was noted. 

Summary. 1. Utilizing a reproduc- 
ible method, photographic records of 
the hemolysis of erydirocytes from 170 
normal persons and 90 anemic individ- 
uals have been obtained. 

2. In white subjects the osmotic re- 
sistance of the erythrocytes in the 0 
to 10 year old age group is greater 
tlian that of normal adults. Hence, 


adult controls cannot be used in fragi- 
lity studies in infancy and childhood. 
A comparable age difference was not 
found in the Hmited number of Negroes 
thus far e.xamined. 

3. The average osmotic resistance of 
the erythrocytes of the normal Negro 
is greater than that of the normal white 
in the corresponding age group. 

4. The erythrocytes of children with 
sickle cell anemia are more resistant 
than those of normal Negro children. 
The average for individuals with the 
sickle cell trait lies between that for 
sickle cell anemia and that for the nor- 
mal, but with considerable overlapping 
in both directions. 

5. In both Mediterranean anemia and 
in its carrier state the blood is mark- 
edly more resistant than that of the 
normal controls, the carrier showing a 
resistance as great as that of the anemic 
individual. 

6. This metliod has been found to be 
valuable in the detection of slight in- 
creases in fragihty. 


We wibli to e.vpress our gr.ititude to Professor M. PI, Jacobs for his helpful suggestions and 
.idvice throughout tlio course of these e\perinients. 

We also wish to thank Miss Grace Chen and .Miss Linda C. McKoy for their technical 
.issist.uice. 

•W. J. Brown and M. H. Jacobs obtained very’ similar results (as yet unpublished) in all 
of tile 15 cases of this disease examined by them. 
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In many cases of subacute bacteria) 
endocarditis, the causative organisms 
are resistant to the antibiotic effect of 
penicillin given in ordinary therapeutic 
doses. This is due to the fact that in 
otherwise normal individuals, paren- 
terally administered penicillin is rapidly 
eliminated from the blood stream, 
principally by way of the renal tu- 
bules," so that unless given in massive 
doses, the blood concentrations of the 
drug are neither high nor sustained. 
For therapy to be effective, tlierefore, 
greater amounts of penicillin in the 
blood are required than are usually 
achieved. Higher plasma concentra- 
tions of penicillin may be obtained by 
the simultaneous administration of 
drugs which inhibit renal tubular ex- 
cretion than are obtained when peni- 
eilliii is given alone. Such inhibiting 
agents are benzoic acid or sodium 
benzoate.^ '' diodrast," para-aminohip- 
puric acid,- and caronamidet.'’*’''’'’ The 
first two drugs are fess effective than 
the others.'’ Diodrast and para-amino- 
hippurie acid must be given by con- 


tinuous inti'avenous infusion.-’^^ Since 
caronamide, which is given by mouth, 
is just as effective as the latter di-ugs, its 
use is much more practicable. Toxi- 
cologic effects of caronamide in ex- 
perimental animals have been investi- 
gated by Beyer and his co-workers,^ 
and were found to be minimal. 

In the present study, caronamide 
was given with penicillin to patients 
with subacute bacterial endocarditis 
to determine whetlier the plasma peni- 
cillin concentrations could be increased 
sufficiently to arrest the disease when 
the organisms were resistant to the 
usual doses of penicillin alone. It 
was also hoped to learn whether car- 
onamide in large doses would be well 
tolerated. Reports concerning the use 
of caronamide in such patients have 
been published elsewhere.''"’"’ 

Method of Study. Five patients with 
sul>acute Ijactcrial endocarditis were tlie 
subjects for this investigation. Essential 
data concerning these patients are sum- 
marized in Table 1. Some information 
was obtained from 3 additional patients, 


» Penicillin for this study was furnished tlirough the courtesy of Clias. Pfizer and Co., Inc. 
C-ironainide for this study was furnished through the courtesy of Sharp and Dohine, Inc. 
Funds for this studv svere provided in part by the Heart Demonstration Section of the United 
States Public Health Service. 

f Caronamide is the non-proprietary name for 4'— carbo.xy-phenylmethanesulfonanilide. 
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also observed during the period covered 
by this report, but not reported in detail. 

D. ita obtained as to penicillin concentra- 
tions without caronamide in these latter 
patients was included in the results below. 

Cr)Stalline penicillin “G” was used e.x- 
clusively. Each dose, suspended in 2 ml. 
of physiological saline solution, was ad- 
ministered intramuscularly at 3-hour inter- 
vals. Individual doses used were 125,000 
units, 250,000 units, or 500,000 units. 
Caronamide was given orally, simultane- 
ously with the injection of penicillin. 
Individual doses varied from 1.0 to 5.0 
gm. The longest single continuous course 
of caronamide therapy was in patient P.G., 
who received 1.5 gm. every 3 hours for 
37 days. Another patient (H.S.) re- 
ceived 4.0 gm. every 3 hours for 31 con- 
secutive days, followed by 5.0 gm. every 
3 hours for 4 more days. Four patients 
received caronamide at 3-hour intervals 
for at least 22 consecutive days. Patient 

E. L., who received caronamide for 8 
days only, died of causes probably unre- 
lated to its administration, but pertinent 
information relative to its use was ob- 
tained. The total amounts of penicillin 
and caronamide received by each pa- 
tient are recorded in Table 1. 

The lollowing studies were made during 
the control periods of penicillin administra- 
tion alone, repeated during the period of 
caronamide administration, and again, 
when possible, after c.ironamide had been 
rhScontinued: 

(1) .At frequent intervals throughout 
the course of treatment, the penicillin 
plasma concentration (units per ml.) was 


measured at 15 minutes, 30 minutes, 1 
hour, 2 hours, and 3 hours following ad- 
ministration of a dose of penicillin with 
or without caronamide. Dose response 
curves were thus measured. These con- 
centrations were measured only after the 
patient had received therapy at that par- 
ticular dosage for at least 18 to 24 hours. 
Penicillin assays were done by a modifica- 
tion of the serial dilution method of Ram- 
melkamp,^- using a standardized Group 
A strain of hemolytic streptococcus as the 
test organism. 

(2) During the periods of caronamide 
administration the plasma concentration 
of this drug (mg. per 100 ml.) was 
measured by the method of Ziegler and 
Sprague,^- from aliquots of the blood 
samples obtained for penicillin assay. No 
limitation of food or water intake during 
the measmement of dose response curves 
was made. 

(3) Blood counts, urinalyses, and meas- 
urements of blood urea nitrogen, plasma 
creatinine, phenolsulfonephthalein excre- 
tion and urea clearance were done at fre- 
quent intervals. 

Results. 1. Enhancement of Plasma 
Concentration of Penicillin by Carona- 
mide. Table 2 presents the average 
penicillin plasma concentrations ob- 
tained at stated time intervals follow- 
ing the intramuscular administration of 
varying amounts of penicillin. Table 
3 furnishes data obtained in similar 
fashion during periods of caronamide 
therapy. Comparison of the results 
in Table 2 with those in Table 3 
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reveals that the administration of car- 
onamide resulted in significant increase 
in the concentration of circulating peni- 
cillin. This increase was noted in all 
specimens obtained during measure- 
ment of the dose response curves, and 
was especially apparent in the 2 hour 
and 3 hour specimens, where the en- 
hancement was 3 to 10 times. 

2. Caronamide Plasma Concentra- 
tions. Results presented in Table 4 
show that the plasma concenb'ation of 
caronamide varied with the dose ad- 
ministered, and that 3.0 or 4.0 gm. was 


necessary to produce levels above 20 
mg. per 100 ml. Table 5 presents 
data which show that when the caron- 
amide level was above 20 mg. per 
100 ml,, the penicilHn plasma concen- 
trations were higher than those in 
specimens in which the caronamide 
concentration was below 20 mg. per 
100 ml. This correlation between peni- 
cilhn and caronamide concentrations 
was not demonstrated in the 15 minute 
specimens, but appeared to be positive 
in 3 hour samples. The enhancement of 
the penicillin concentrations when the 


Table 3. Penicillin Plasma Concentrations with Varying Dosage of Caronamidb 

(1 5-4 Gm. per Dose) 


Individual Penicillin 
Dosage 
{ U nils) 

No. of 




Penicillin PI' 

ismn Concentration (U/ml) at 


(1 lion a 


lo mins. 

so mins. 

1 hour 

2 hours 

J hours 

125,000 

M.C. (2) 

P.G.* (1) 

Total: 3 

average 

range 

( 8 23 

1 14 77 
10 5 
11.10 

8 23-14 

77 

( 10 86 

1 (2.12 

10.49 

10.80-22 IS 

! 7.89 
( 8 29 

5.2 

7 12 

! 5 2-8 29 

( 2 82 
( 5 53 

2 0 

3 05 

2 0-5 53 

( 2 15 
( 5 42 

2 0 

3 19 

2 45-5 42 

250,000 


average 

8 5 


5.25 

5 1 

1 8 

1 11 


range 

5 2-11 

1 

1 8-7 3 

1 4-8 9 

0 9-3 7 

0 03-2 7 

500,000 


average 

’25 52 


23 85 

18 01 

15 09 

10 13 


range 

10 3-62 

0 

10 5-43 80 

7 86-43 51 

2 6-32 0 

1 14-31 35 


* This patient was 9 years old and weighed 51 lbs. 


Table 4. C.ironamide Concentrations 


Dose of Caronamide 

No. of 

Average Caronamide Plasma Concentration 
(mg. /100ml.) 

( Grams) 

Specimens 

■30 Minute Specimen 

3 Hour Specimen 

1.5 

(every 3 hours) 

■ 7 

15 8 

Range: 3 5-38.7 

11 7 

Range: 1 3-29 9 

3.0 

(every 3 hours) 

0 

33.5 

Range: 19 0-51 0 

32 3 

Range: 17 5-55 0 

4.0 

(every 3 hours) 

3 

32 1 

Range: 13.5-48 9 

44.7 

Range: 31 1-59 4 


Table 5. Correlation Betwee.v Penicilli.v and Caronamide Co.ncentrations 



Penicillin 

Cone, in 15 Min. 

Specimens 

Penicillin 

Cone, in J llo 

ur Specimens 



After Caronamide 


After Caronamide 

Penicillin Dose 
(Units) 

With No 
Carona mide 

Caron. Cone, 

<20 mg./ 

ion ml 

Caron, Cone. 
^20 mq./ 

WO ml 

IVith No 
Caronamide 

Caron, Cone. 
<20 mq./ 

100 ml 

Caron. Cone. 
y.SO mg./ 

100 ml 

125,000 

3 1 U/ml 

— 

— 

0 31 U/ml. 

0 1 U/ml 

I 97 U/ml 

250,000 

;l 0 U/ml* 

4 8 U/ml 

6 2 U/ml 

0 20 U/ml 

0 43 U/ral 

2 15 U/ml 

500,000 

12 01 U/ml 

'iO 7 V / ml 

23 9 U/ml 

1 91 U/ml 

8 j U / ml 

10 4 U/ml 


* Plasma penicillin concentr.ition in 90 minute specimens (average). 
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caionamide level was greater than 20 
mg. per 100 ml. was especially notice- 
able when the penicillin concentrations 
under those circumstances were com- 
pared with the concentrations reached 
when no caronamide was given. Table 
5 shows the concentrations of peni- 
cillin obtained without caronamide for 
comparison with the concentrations ob- 
tained during caronamide therapy. 

3. Toxic Effects of Caronamide. a. 
G astro-intestinal. Among the patients 
reported, mild anorexia was occasion- 
ally noted during the first few days 
of caronamide therapy, but did not 
interfere with continuation of treat- 
ment In one patient (H.S.), 4.0 gm. 
every third hour was well tolerated, 
but 5.0 gm. caused anorexia and some 
nausea. In two other patients, nausea 
and vomiting appeared promptly after 
institution of caronaniide therapy; these 
symptoms precluded further use of the 
drug. No effects on bowel function 
were noted. 

b. Renal. Abnormalities of renal ex- 
cretory function were noted. With the 
possible exception of patient E.L., who 
will be considered separately, these 
were not of serious consequence, and 
all disappeared within a few days after 
caronamide was withdrawn. Among 
these other patients, none demonstrated 
retention of creatinine. Two patients 
showed a slight rise in blood urea 
nitrogen (each to 19 mg. per 100 
ml.); one (M.C.) showed on one occa- 
sion an impairment of urea clearance 
to 25^0 of average normal function 
from a control value of lOfo. No 
changes in the blood sugar, blood uric 
acid or carbon dioxide combining pow- 
er were noted. PSP clearance was 
regularly reduced during periods of 
elfectise caronamide therapy. Slight 
to moderate albuminuria was reported 
often. This finding will be discussed 
further below. .Xn increase of urine 
leukocytes was observed in three pa- 


tients; in two of these, the appearance 
of the urine suggested gross pyiuria, 
and in one, slight dysuria was noted. 
Each of these patients had been cath- 
eterized repeatedly, so that a cystitis 
might have been present. 

c. Hematologic. No evidence of any 
disturbance of red or white blood cor- 
puscles or platelets was observed during 
caronamide administration, regardless 
of dosage employed or duration of 
therapy. 

d. Dermatologic. In only one patient 
(M.C.), a morbilliform rash appeared. 
This had the characteristics of a peni- 
cillin dermatitis, and disappeared when 
the type of penicillin was changed 
despite the fact that caronamide was 
continued. No other skin manifesta- 
tions were observed. 

4. Clinical Results and Post-mortem 
Findings. Of the 5 patients in this 
report, 3 were thought to be arrested 
after a minimum follow-up period of 
10 montlrs. One of the 3 (M.C.), had 
previously failed to respond to repeated 
courses of penicillin and streptomycin 
in dosage adequate for most patients 
(Table 1). Patients P.G. and G.D. 
were desperately ill at the time of ad- 
mission and throughout much of dieir 
hospital stay. Each suffered major 
cerebral emboli which produced com- 
plete hemiplegia. Patient G.D. re- 
covered completely, but patient P.G. 
still has evidence of cerebral damage. 

Necropsies were done on the 2 re- 
maining patients. Patient H.S., infected 
with a highly resistant strain of non- 
hemolytic streptococcus, received large 
doses of both penicillin and caronamide 
for prolonged periods. .\Ithough high 
plasma concentrations of penicillin 
were obtained, therapy obviously was 
inadequate. Terminally, a 20-day 
course of bacitracin was likewise in- 
effective. This patient became preg- 
nant between courses of treatment, 
and received caronamide during the 
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first 10 weeks of pregnancy. Three 
months after the last dose of carona- 
mide, in the 22nd week of pregnancy, 
the patient spontaneously aborted a 
well-developed male fetus. Necropsy 
examination of the fetus showed only 
evidence of prematurity. Findings at 
necropsy in the patient herself were 
hmited to those which ordinarily ac- 
company fatal subacute bacterial endo- 
carditis. No lesions of the kidneys 
attributable to the prolonged carona- 
mide therapy were observed. Patient 
E.L., hkewise infected with a peni- 
ciUin-resistant organism, received car- 
onamide for 4 days. On the second 
day of treatment, she was given a blood 
transfusion. After 100 ml. of blood had 
been received, she developed a chill 
and subsequent fever. Because a 
transfusion reaction was suggested by 
these signs, the transfusion was discon- 
tinued. Unfortunately, the donor blood 
was not rechecked with the patient’s 
serum for agglutination. On the fourth 
day of caronamide therapy, she devel- 
oped marked oliguria, elevation of the 
BUN from the pre-treatment level of 
9 mg. per 100 ml. to 28 mg., and 
signs of rapidly increasing congestive 
heart failme. Albumimmia and the 
appearance of many red and white 
corpuscles in the mine were observed 
for the first time. (An earlier minaly- 
sis done 6 days before showed a few 
red cells per high power field.) Since 
caronamide was suspected of having 
precipitated oliguria the drug was with- 
drawn, and treatment for congestive 
failm’e was instituted. She improved 
somewhat, and caronamide was re- 
started one week later on a smaller 
dosage schedule. However, 10 days 
after tire initial appearance of oliguria, 
she suffered a massive basilar sub- 
arachnoid hemorrhage and died. Dm- 
ing the pre-caronamide period, this pa- 
tient showed penicillin levels after an 
injection of 250,000 units as foUows: 


2.8 U per ml. of plasma in the 30 
minute and 1 hour specimens and less 
than 0.06 U/ml. in the 3-hour speci- 
men. On the day oHgmia developed, 
her concenti'ations after a similar dose 
were 8.9 U /ml. in the 1-hom specimen 
and 1.4 U/ml. in the 2-hom specimen. 
Caronamide concentrations were not 
measm’ed at this time. At necropsy, 
in addition to the lesions anticipated 
in a case of subacute bacterial endo- 
carditis, there was an acute diffuse 
glomerulonepliritis. None of the glom- 
eruli were normal, and only rarely did 
a capillary loop contain erythrocytes. 
The endothelial cells of the capillary 
loops were generally swollen, and the 
lumens were obliterated. There were 
many fibrinous adhesions between tufts 
and capsules. In a few glomerufi, the 
epithelium of the tufts was proliferat- 
ing. Nearly all of the proximal and 
distal convoluted tubules were degen- 
erating, and many of the epithehal cells 
were necrotic. Many of the nephrons 
also were distended with erythrocytes. 
Some of these were freshly extra- 
vasated, others were laked. There 
were occasional casts of hemoglobin, 
but in most, fragments of erythrocytes 
were visible. Hyalin casts were also 
present. 

Discussion. Caronamide has been 
shown by several investigations to 
enhance penicilHn plasma concen- 
trations.®’^®’^® We have been able to 
confirm these observations. Despite 
the fact that many dose response curves 
dm’ing caronamide administration were 
taken following doses of the drug which 
are presumed to be inadequate, as will 
be discussed below, the highest peni- 
cilhn concentrations during the con- 
trol period were, in general, not as 
high as the lowest concentrations ob- 
tained with caronamide. Similarly, the 
maximum levels reached during ade- 
quate caronamide therapy exceed the 
maximum levels found when carona- 
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mide dosage was inadequate or with- 
held. These differences were most 
striking in the 2-hour and 3-hour sam- 
ples. 

In reviewing the data in Tables 2 
and 3, it is noted that in both tables, 
which give penicillin concentrations 
with and without caronamide, the con- 
centrations folloNving 125,000 units 
were higher than after 250,000 units 
were administered. This discrepancy 
was une.\pected, since one may assume 
that penicillin plasma concentrations 
will vary directly with the dose employ- 
ed. It appears to be the result of 
several factors. First, 2 of the 4 dose 
response curves measured wth 125,000 
units of penicilhn were done in pa- 
tient M.C., who at 31 years of age 
was much older than the other patients. 
A third curve in this group was done 
in a patient admitted with considerable 
impairment of renal function, as evi- 
denced by a BUN concentration of 40 
mg. per 100 ml. on admission. Simi- 
larly, 2 of the 3 curves measured with 
125,000 units plus caronamide were 
done in patient M.C. Increased age 
and clinically impaired renal function 
might be expected to yield higher 
penicillin concentrations in the plasma 
than would be found in the absence of 
these conditions. Thus the average 
values may have been elevated. Sec- 
ondly, the 125,000 unit curves on pa- 
tient M.C. were assayed at another 
laboratory. The penicillin employed 
by this laboratory in the assays and 
that given to tire patient were at first 
obtained from different manufacturers. 
.\s this study continued, all later assays 
were done in the IVhlliam Pepper 
Laboratory. In the latter, penicillin 
concentrations were lower than those 
found in the former Laboratory when 
dnplicrate specimens were e.xainined in 
each. However, when both labora- 
tories Used penicillin from the same 
soutce for tiie standard in carrying 


out the tests, results were generally 
the same. Thus, the higher levels 
obtained with 125,000 units may reflect 
differences in laboratory technique, 
which were later corrected. Nevertiie- 
less, administration of caronamide in 
each instance resulted in enhancement 
of penicillin concentrations. 

In the treatment of subacute bacterial 
endocarditis, high concentrations of 
penicillin are desirable and often 
necessary. In several recent reports,”' 
15.20 e.xtremely large doses of penicillin 
were required in some instances to 
control the infection. Whatever con- 
centration of penicillin is thought to be 
necessary, and whether a high plateau 
of concentration or intermittent high 
peaks of concentration are regarded as 
more effective, it is apparent that at- 
tainment of tliese aims is facilitated 
when caronamide is employed as an 
adjuvant. Results similar to those re- 
ported in this study have been publish- 
ed, in which patients with subacute 
bacterial endocarditis were treated with 
penicillin and caronamide.’''*®’^' 

When caronamide concentrations ex- 
ceeded 20 mg. per 100 ml. the ef- 
fect of the drug on pem'cillin concentra- 
tion was consistent. At lower carona- 
mide concentrations, tlie effect was 
more variable and less striking. Three 
gm. of caronamide every third hour 
usually maintained caronamide blood 
levels in tlie effective range, and this 
dose is therefore recommended for 
therapeutic purposes. This finding is 
in agreement with results published 
elsewhere." In addition, caronamide 
was used for periods up to 60 days in 
these patients, and such prolongation 
of tlierapy appeared to be feasible. 

Nausea and vomiting were at times 
sufficiently severe to preclude further 
administration of tlie drug. Otherwise, 
no important toxic effects were ob- 
served, except possibly in patient E.L. 
The acute glomerulonephritis demon- 
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strated at necropsy in that case was 
not recognized clinically. The higher 
than average plasma penicilhn con- 
centrations might well be due to renal 
insuflBciency. Whether the transfusion 
reaction aggravated the lesion is un- 
certain. Furthermore, it cannot be de- 
termined whether the administration of 
caronamide had a deleterious effect 
on already damaged nephrons. It is 
unlikely however that either or both 
of these factors were primarily respon- 
sible for the renal lesion, since the ap- 
pearance of erythrocytes in the urine 
antedated the transfusion and the ad- 
ministration of caronamide. 

Transient urinary abnormalities and 
mild disturbances of renal excretory 
functions were noted in the other pa- 
tients, but disappeared promptly when 
caronamide was discontinued. Album- 
inuria was reported frequently, based 
on the results of the heat and acid test. 
Since completing this study we have 
found that in the m-ine of patients 
being ti-eated with caronamide, the 
precipitate formed on the addition of 
acid may be composed entirely of car- 
onamide itself. If the acid is added 
before heating, and the precipitate 
separated by centrifugation, the super- 
natant urine will usually remain cleai' 
upon heating. Caronamide precipita- 
tion may have been responsible for 
some of the tests reported positive for 
proteinm’ia in these patients. On the 
other hand, some of the urinary ab- 
normalities found in these patients may 
have been produced by the focal 
embolic glomerulonepkritis often found 
in patients with subacute bacterial 
endocarditis. 

In patient M.C., augmentation of 
penicillin plasma concentration by car- 
onamide was' followed by ai'rest of 
infection, altliough the infection had 
not been arrested pre\dously by several 
courses of penicillin or streptomycin 
alone. Although patients P.G. and 


G.D, were infected with penicillin- 
sensitive organisms, because of the 
severity of then disease, caronamide 
and penicillin were used in large doses, 
and it is believed that the ultimate 
enhancement of penicilhn plasma levels 
by caronamide contributed materially 
to their recovery. 

Patient H.S. represents a therapeutic 
failure of the regimen employed. It 
is obvious that she never attained 
plasma concentrations of penicillin of 
sufficient magnitude to overcome an 
organism which developed high resis- 
tance. Whether enormous doses of 
penicilhn, such as 20,000,000 units daily 
or even higher, would have resulted in 
recovery is not known. In this patient, 
the use of caronamide during preg- 
nancy probably had no effect on the 
development of the fetus. We do not 
beheve that the drug was in any way 
responsible for the abortion, since the 
miscarriage occurred three months after 
the last dose of caronamide was ad- 
ministered. 

In conclusion we beheve that car- 
onamide has value as an adjuvant to 
penicilhn in the treatment of subacute 
bacterial endocarditis, especially in 
those patients in whom elevation of 
penicilhn plasma concentrations for 
prolonged periods is considered ad- 
visable. In tlie hmited experience to 
date, serious hazards in its use have 
not been demonstrated. Its routine 
use in mild infections with penicilhn- 
sensitive organisms does not appear 
warranted at the present time. The 
apparently low toxicity and ease of 
administration are desirable charac- 
teristics of the drug. 

Summary. 1. Patients with sub- 
acute bacterial endocarditis were treat- 
ed witli large doses of penicilhn and 
caronamide. Caronamide was used 
in some patients for periods up to 60 
days without apparent hannful effect. 
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Enhancement of penicillin plasma con- 
centrations was noted uniformly. 

2. Mild effects on renal function 
were observed during periods of car- 
onamide therapy. Except for one pa- 
tient with major renal involvement, 
tliese effects were of no serious conse- 
(luence and disappeared after with- 
drawal of the drug. False positives for 
proteinuria were frequently obtained 
because caronamide was precipitated 
in an acid medium. Whether in one 
patient caronamide played an etiologic 
role in the major renal disturbance 
which occurred is uncertain. 


3. Three gm. of caronamide given 
orally every 3 hours resulted in thera- 
peutically adequate plasma concentra- 
tions of caronamide. 

4. Nausea and vomiting following 
administration of caronamide may pre- 
clude its further use in some patients. 

5. The use of caronamide as an ad- 
juvant to penicillin in the therapeutic 
management of subacute bacterial en- 
docarditis is suggested. It can as a rule 
be continued tluroughout the entire 
period of penicillin therapy without 
toxic effects. 


The authors wish to e.xpress tlieir appreciation to Miss Elizabeth Hughes, Sharp and Dohme, 
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FUNCTIONAL SYSTOLIC MURMURS IN CHILDREN 
By Chables R. Messeloff, M.D. 

NEW YORK, NEW YORK 

(From ihe Cardiac Service of the Hospital for Joint Diseases and the Cardiac Consultation 
Service of the New York City Department of Health) 


In describing cardiac murmurs, the 
terms “functional” and “organic” are 
often employed though their use is not 
always clear. For instance, murmurs 
heard in individuals with anemia or 
with thyrotoxicosis are often labeled 
“functional.” What is actually meant is 
that the murmurs are not caused by 
structural or organic changes in the 
heart and that the cure of the under- 
lying disease will result in their disap- 
. pearance. On the other hand, the term 
“organic” has been restricted to cases 
where it is believed that valvular 
changes are present, emphasizing 
thereby that murmurs due to ventricu- 
lar dilatation should be termed “func- 
tional.” If one could differentiate in 
every case between ventricular dilata- 
tion and valvular disease such an im- 
plication would not be objectionable. 
However, at times it may be diflBcult to 
determine whether a deformed valve 
or a dilated heart with a normal valve 
is responsible for the murmur. In such 
cases the terms “functional” and “or- 
ganic” are clearly confusing. 

To avoid such confusion it is prefer- 
able to apply the term “functional mur- 
mur” only to individuals in whom struc- 
tural valvular changes can be reason- 
ably excluded and who are free of any 
disease, general or cardiac, that is 
known to cause a systolic murmur. 
These criteria formed the basis for the 
selection of the children used in this 
study since, as far as could be discov- 
ered, the only abnormality present was 
the systolic murmur. For such children 
the term “functional” has the advan- 
tage of an established meaning and, 
even if vague, has the merit of ^vide 
usage. 


Recent studies have shown tliat from 
8 to of school children pre- 

sent systolic murmurs that are thought 
to be functional. Perhaps because of a 
different interpretation of “functional”, 
these figures are far below those earlier 
published, where it • was stated that 
functional systolic murmurs were found 
in from 66 to 71% of the children exam- 
ined.® However, even 8 to 20% repre- 
sent a large number of children whose 
cardiovascular system must be studied 
in order to rule out organic disease. 
This may at times be very difficult since 
the differentiation between organic and 
functional murmurs can tax the diag- 
nostic ingenuity of the most skilled 
physician. Thus, for example, about 
25% of all children examined by the 
Cardiac Consultation Service- are clas- 
sified as possible heart disease, most 
commonly on the basis of a systolic 
murmur whose significance could not 
be definitely evaluated. Similar diffi- 
culties were encountered in adults by 
Levy and his co-workers,® who found 
that the significance of late systolic 
murmurs was one of the moot points 
of diagnosis. 

The aforegoing considerations indi- 
cate that the recognition and the sig- 
nificance of functional systolic murmurs 
deserve fiuther study. It was therefore 
deemed of interest to analyze in de- 
tail the functional systolic murmurs 
heard in 300 children. The results of 
this analysis as well as a discussion of 
tlie problem of tlie physical activity in 
these children form the basis of the 
communication. 

Material, The 300 children obser\'ed in 
this study were referred to the Cardiac Con- 
sultation Service either by school or by private 

(71) 
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physiciani. In all, the sole cardiac abnor- 
niahtj' IV as a s}stohc murmur. All the children 
were between 6 and Id years of age. A care- 
ful history, a physical and a fluoroscopic ex- 
amination with particular emphasis on past 
or present evidence of rheumabc fever or of 
cardiovascular disease were obtained on each 
child. Whenever indicated, laboratory exami- 
nations were done to rule out tlie presence of 
infection, especially rheumatic fever. Those 
who gave a histoiy of definite or possible 
rheumatic fever, or who showed any physical, 
fluoroscopic or electrocardiographic deviation 
from normal standards were excluded from 
the present study. After an appraisal of all 
the data thus obtained, the systolic murmurs 
of the 300 children were classified as "func- 
tional.” This diagnosis when made by a well- 
trained c.ardiologist on tiie basis of a careful 
lustoiy and complete cardiovascular examina- 
tion has been found to be conect in almost 
OSCo of the cascs.^^-i® Hence, the murmurs 
anal)^cd m this report can be accepted as 
ciiaractcristic of the functional type as de- 
fined above. 

In describing murmurs heard in children 
examined in the Cardiac Consultation Serv- 
ice, the c.irdiologisb employed a standard 
form and nomenclature. The time, site of 
iiiaximuin intensity, quahty, duration and 
tr.msiiiissioii of tlie murmurs as well as the 
effects of position and exercise on them were 
described. 

Description of Functional Murmurs. 

l. Time in cycle. All of the murmurs 
were systolic in time. In the literature 
practically every discussion of func- 
tional murmurs makes a point of stat- 
in''; that such murmurs are almost iuva- 
ri.ibly systolic in time, tlius suggesting 
that on rare occasions they may be 
heard liurinii diastole. The latter have 
been heartl in children and in adults 
with severe anemia and are ascribed 
to cardiac dil.itation.^ Hence, they 
h.ixe not been included in this study. 
Moreover, such diastolic murmurs have 
mver Ijeen described in non-anemic 
iiuhv idu.ils It IS well to stress this 
point, for a t.unt high pitched blowing 
ih.istolic inunnnr .dong the left border 
"t tile sternuiii characteristic of aortic 
mvufi.ciuitv, lii.iv be the onlv inanifes- 
t itiun of ria lunatic he.irt discxase. 
U! .Ill 111 Slab .1 c.tve .1 historv of rhcu- 

m. ita ftvir is .ibsctU and cardiac en- 


largement is not demonstrable, the 
question may be raised whether the 
diastolic murmur is functional in char- 
acter. Under such circumstances it is 
important to recognize that in the ab- 
sence of a severe degree of anemia, a 
diastolic murmur is due to organic dis- 
ease of the heart. 

2. Site of Maximum Intensity. It may 
be seen (Table 1) that the munnuis 
were heard at various sites along the 
left border of the sternum as well as at 
the ape.v. In the present series, 69% of 
the murmurs were located in the left 
2d or 3d space and 31% were located 
at or near tlie apical region. When the 
murmur is best heard at the ape.\ ( 17% 
in this series) it may cause considei-' 
able confusion, particularly if the mur- 
mur is moderately long and loud and is 
transmitted for a short distance to the 
left. Murmurs of this type may require 
careful and repeated observations be- 
fore a final decision can be made. 
When in the course of time such mur- 
murs become inaudible one assumes 
that they were not due to structural 
changes in the valve. However, the 
murmur of mitral insufficiency may, 
too, become inaudible after a time.a 
Wilson’s observations*’^ indicate that 
these murmurs are by no means con- 
stant and tliat in S% of her cases they 
could not be heard on some e.xamina-' 
tioiis. Moreover, "The murmur (of ac- 
(|uircc! organic heart disease) was iii- 
tiistiiiguishable from the so-called be- 
nign systolic murmurs in the majority 
of children at some time during the pe- 
riod of observ ation." One can therefore 
only conjecture whether some of the 
apical systolic murmurs heard in the 
present series of cases were not due to 
mitral insufficiency. In the absence of 
a historv of rhenniatic infection and in 
the absence of evidence of cardiac en- 
lar'genient it certainly' was not justifi- 
alile to assume the presence of organic 
lie irt disease in these cases. 

Murmurs iiest heard .it or near the 
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pulmonic area do not present such diffi- vidual to classify auditory impressions 
culties and are more characteristic of- is equally varied. The terms rough, 
functional murmurs. Nevertheless even blowing, musical and blowing-musical 
faint and short murmurs heard at this were used to describe the acoustic im- 
site cannot be dismissed as unimpor- pressions of the physicians examining 
tant without a fluoroscopic examina- the cliildren of this study. It may be 
tion since, now and then, fluoroscopic seen (Table 1) that only 3% were classi- 
examination of the chest will reveal Bed as rough, 36% were characterized as 
an abnormal cardiovascular silhouette blowing and 55% as musical. A small 
highly suggestive of a congenital heart number, 6%, appeared to have botli 
defect. It appears, therefore, that the musical and blowing qualities. In a few 
site of maximum intensity cannot be instances it was noted that the mur- 
used as an absolute criterion to distin- murs which had a musical character 
guish between an organic and a func- when the child was at rest assumed a 
tional murmur. blowing quality when the heart accel- 

3. Quality. Various terms have been erated after exercise, 
used to describe the character of mur- More than 50% of the murmurs were 
murs, both organic and functional. No accordingly musical in character. At 
one term is apphcable in all instances times murmurs of this type could be 
since the quality of murmurs varies better described as having a buzzing 
considerably and the ability of the indi- quality, a characteristic which appears 



Table 1.— Analysis of Data on 300 Functional Mobmubs 



Number 

Per cent 

Site of Muximuiii Intensity. 1. Pulmonic Area 

65 

22 

2. Left 3rd Space 

143 

47 

3. Left 4th Space 

42 

14 

4. Apex 

50 

17 

Quality. 1. Rough 

15 

3 

2. Blowing 

108 

36 

3. Musical 

164 

55 

4. Blowing-musical 

13 

6 

Intensity. 1. Faint 

200 

66.6 

2. Moderate 

100 

33.3 

Transmission. 1. From left 2nd Space— 65 cases 

Localized 

24 

37 

Down left sternal border 

41 

63 

2. From left 3rd Space— 143 cases 

Localized 

23 

16 

Up and down left sternal border 

52 

36 

Up left sternal border 

22 

15 

Down left shoulder border 

46 

33 

3. From left 4th Space — 42 cases 

Localized 

5 

12 

Up left sternal border 

35 

83 

Short distance to left 

2 

5 

4. Fiom Apex— SO cases 

Localized 

8 

15 

Up left sternal border 

85 

70 

Short distance to left 

7 

15 

Effect of Change in Position. 1. No change 

33 

11 

2. Louder in recmnbency 

184 

61 

3. Louder in st.-inding position 

40 

13 

4. Heard only in recumbency 

20 

7 

5. Heard only in standing posih’on 

5 

1.5 

6. Heard only in recumbency after exercise 

15 

4.5 

7, Heard only in standing position after exerche 

3 

1 

Effect of Exercise. 1. No change 

32 

11 

2. Louder 

160 

53 

3. Painter 

50 

17 

4. Absent 

23 

7 

5. Murmurs appeared only after exercise 

35 

12 
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to be confined to functional murmurs. 
It is of interest to note that in a pre- 
vious study*^ in which sound tracings 
were used in an attempt to distinguish 
organic from functional murmurs, a 
similar finding was observed. Organic 
murmurs do not appear to possess this 
peculiar bu 2 :zing character, a fact 
which may be used to advantage in the 
dilferential diagnosis. 

4. Duration. In 274 cases tlie mur- 
murs were short, while in the remaining 
instances they were moderately long. 
.No instance of a prolonged murmur was 
encountered in this series. Because the 
time interval during which the func- 
tional murmurs are audible is fre- 
(juently so short it may be difficult to 
decide whether an actual murmur is 
present or whether the adventitious 
sound is merely an impure first heart 
sound. In tins series there were 3;3 chii- 
ilren who were referred to the Cardiac 
Consultation Service widt a diagnosis 
of possible iieart disease because the 
referring physician had heard or be- 
lies ed he had heard a systolic murmur 
but in whom die cardiologist could not 
detect a murmur in any position even 
.liter e.\ercise. This dilference in find- 
ings may lu\e been due to confusion 
between a loud and impure first sound 
and a short faint systolic murmur. Le- 
sine's advice may well be heeded; “By 
deiinition a systolic murmur, no matter 
how faint, must have duration; it must 
last an appreciable interval into systole 
between the first and second heart 
sound."* 

5. Intensity. In this study the inten- 
•>ily of the murmurs was described in 
terms of faint, moderate or loud. No 
lUst.ince of a loud functional murmur 
v\as found. Faint murmurs were hearii 
in 2(0 tto '. ) of the chikiren, .md mur- 
murs of motletate intensity in the re- 
in uning ItX) cases. Using Levine's' 
uutl'.jd of grading the intensity of mur- 
murs, nue could s.iy that llie faint mur- 

Lclutigesl to grades 1 and 2. 


whereas those of moderate intensity 
corresponded to grade 3. Lecine'’ con- 
cluded from a study of 1000 non-car- 
diac indiciduals, all adults, that sys- 
tolic murmurs of grade 1 were fairly 
common, those of grade 2 less frequent 
and those of grade 3, quite rare. In 
contrast, 1/3 of the systolic murmurs- 
of this series were sufficiently loud to 
be termed grade 3 intensit}’. lliese dif- 
ferences can probably be ascribed to 
the greater area of relative cardiac dull- 
ness during childliood and to tlie thin- 
ner chest wall, both factors permitting 
murmurs to be heard more easily. 

6. Transmission. As w'ill be seen in 
Table 1, the murmurs were localized in 
60 cases. In the remaining, some degree 
of transmission was present regardless 
of the site of ma.\imum audibility. Api- 
cal systolic murmurs were of particular 
interest in this regard, since, as already 
said murmurs in this region give rise 
to tlie major difficulties in diagnosis. 
Only 15% of the apical murmurs were 
localized, whereas 70% were transmit- 
ted to and up along the left sternal 
border and 15% were transmitted for 
some distance to tlie left of the ape.\. 
Equally variable was the transmission 
of the murmurs heard at the other 
sites: 16% of those heard at the left] 
3d interspace and 37% of those lieard 
at the left 2d interspace were local-] 
ized; the remainder were transmit- 
ted up or down the left sternal border. 
Wide transmission of murmurs was not 
encountered in this series, probably be- 
cause none of tlie murmurs were very 
loud. Thus, in no instance w'as an api- 
c.il murmur transmitted to the a.viUa or 
.1 para-sternal murmur transmitted all 
over the pre-cordial area. While the 
absence of wide Irunsmissioii is re- 
garded as a distinctive feature of func- 
tional inurniurs it is equally well rec- 
ngni/ed that the inurinur of mitral iii- 
suHieieney ui.iy also be faint and trans- 
mitted to only a limited extent. 

Since it is generally accepted that 
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the extent of transmission of a murmur 
is dependent mainly on its intensity, an 
attempt was made to determine this 
correlation in the present series. As 
may be seen from Table 2, only 20% 
of the non-transmitted murmurs were 
of moderate intensity; the rest were 
faint. On the other hand, 63% of the 
murmurs that were transmitted were 
also faint. These findings suggest that 

Table 2.— Relation of Transmission 
TO Intensity of Murmur 

Transmission of Murmurs Faint Moderately louti 
Localized— 60 cases 48 12 

Transmitted— 240 cases 152 88 

there may be other factors aside from 
the important one of intensity which 
determine the transmission of a func- 
tional murmur. In a previous study on 
functional murmurs in children it was 
found that these murmurs consisted 
mainly of high frequency vibrations.’ 
While living tissues are generally not 
good conductors of sound, they may 
conduct high pitched vibrations more 
readily than the low pitched vibrations 
present in organic murmurs. Hence, 
even though the intensity of a func- 
tional murmur is faint it would be 
transmitted better and be more audi- 
ble for a distance from its site of maxi- 
mum intensity than an equally faint 
organic murmur. However, regardless 
of the factors that permit a faint func- 
tional murmur to be transmitted, the 
important point is that the presence of 
transmission of the murmur is not nec- 
essarily proof of its organic etiology. 

7. Effect of Change in Position. Both 
the intensity and audibility of func- 
tional murmurs are influenced by the 
position of the subject. This feature has 
been often stressed as being of diag- 
nostic value. “The most distinctive fea- 
ture”, it is stated in one discussion,^ 
“for their ( functional murmurs ) identi- 
fication is the change in intensity which 
they undergo when the subject is asked 
to change position. Usually best heard 


in the recumbent position, they disap- 
pear, or at least are greatly diminished 
in intensity when the sitting or stand- 
ing position is assumed.” The effect of 
position on the murmurs analyzed in 
this study is summarized in Table 1., 
The majority (61%) of functional mur- ■/ 
murs were loudest in recumbency and 
became fainter when the standing posi-l 
tion was assumed. Only 13% were betj 
ter heard in the standing position. In ) 
11% the change from recumbent to the/ 
standing position caused no change in 
the intensity of the murmurs. A prac- 
tically similar number could be heard 
only in recumbency but in some of this 
group the murmurs became audible 
only after exercise. It appears, there- 
fore, that while there is some variabil- 
ity in the effect of position on the loud- 
ness of a functional murmur, one may 
say that, in general, the murmur'dimin- i 
ishes in intensity when the child as- I 
sumes the erect position. Tlris feature 
by itself is not characteristic of func- 
tional murmurs alone for the murmur 
of early mitral insuflSciency may react 
in a similar fashion and be best heard 
in the recumbent position. 

8. Effect of Exercise. Functional mur- 
murs do not respond in a uniform man- 
ner to exercise with its attendant physi- 
ological effects on the cardiovascular 
system. The data in Table 1 show tlris 
lack of uniformity or distinctiveness. 
More than half (53%) were louder / 
after effort; 17% became fainter after 
exercise; 11% showed no change. Only \ 
7% disappeared after exercise. On the 
other hand, in 12% of the children the 
murmurs appeared only after effort. 
The latter finding has been commented 
on by other observers such as Levine 
who noted faint systolic murmurs in 
normal individuals after exertion." 

Comment. The aforegoing analysis 
of functional murmurs illustrates the 
weU-known difficulties encountered in 
their recognition. They do not possess 
a pathognomoiuc feature that can dis- 
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tiuguish them from organic murmurs. 
Upon what criteria, then, can one rely 
to designate a murmur as functional or 
organic? It has been stated that the 
various characteristics enumerated are 
common to both types of murmurs. 
Thus, in both some transmission of 
murmurs is found; in neither can the 
eifect of position or of e.xercise on the 
presence or intensity of the murmur be 
used as conclusive evidence to sway 
the final appraisal. Moreover while or- 
ganic murmurs are characteristically 
loud and long, some of them may be 
faint and short. On the other hand, the 
present study shows that functional 
murmurs are either faint or of moder- 
ate intensity (grades 1 to 3) and that 
in 92To they are of short duration. How- 
ever, in individual cases, these features 
may fail the e.xamining physician and 
a complete cardiovascular study is 
therefore necessar)' properly to evalu- 
ate the systolic murmur. The physician 
cannot rely on the stethoscope alone 
but must c.xamine the whole child care- 
fully with the usual technical aids "to 
elicit by every knowm means, evidence 
for and against the presence of cardiac 
disease”.^ The collective data thus ob- 
tained, rather than any one character- 
istic or finding, must be used to decide 
the nature of the murmur. Only by this 
iiicans can one establish a correct diag- 
nosis of a functional murmur in a higli 
percentage of cases. The significance 
of an efjuivtjcal systolic murmur resides 
in the fact that it calls for a complete 
esamination. 

Great c.ire is needed in the interpre- 
f.ition of the clinical findings, for unless 
the history, physical findings and roent- 
genologic studies are expertly corre- 
l.iti'd they tCKj may prove to be a source 

• it coiifiisiou. Thus, for example, there 
i. one nuruial syndrome luit infre- 

• jui-ntly encountered in children which 

:.i 1% give rio- to much trouble.' 'nfis 
e, I, eeioi^ts iif .1 tri.ld; 1') a soft 

>!ul,e nnirmur at the apex or pul- 


monic area or both; 2) a loud third 
heart sound which produces a gallop 
rhythm when the heart rate is rapid; 
and 3) a prominent pulmonary conus 
with straightening of the left border of 
the heart as seen on fluoroscopy. Un- 
less the e.xaminer is on guard, he is 
likely to mistake this triad for rheu- 
matic mitral valvulitis, particularly if 
the child also has a history of rheu- 
matic fever. In such cases, die absence 
of a loud snapping first heart sound at 
the ape.v and the lack of roentgenologic 
evidence of cardiac enlargement, espe- 
cially of left auricular enlargement, are 
valuable evidence against an organic 
basis for the clinical findings. 

The physician’s responsibility does 
not end xvhen he has established the 
functional character of the murmur, for 
almost invariably he will be questioned 
as to tlie need for limiting tlie child’s 
physical activities. Considerable con- 
fusion is apparent in this regard. In the 
Cardiac Consultation Service reports 
are frequently received from physicians 
recommending restrictions of the physi- 
cal training program or modifications 
of the classroom routine at the very 
time that the munnur is termed func- 
tional. It is clear tluit the uncertainty 
as to the nature of functional murmurs 
leads some physicians to regard them 
with distrust despite the large amount 
of data indicating the absence of heart 
disease in such cases. It is well to em- 
phasixe once again that functional mur- 
murs are not the result of organic dis- 
e;ise of the heart, and moreover, as de- 
fined in this communication, are not 
associated with any disease process in 
tile body. To limit physical activities 
under such circumstances does not ap- 
pear rational. When questioned as to 
the desirability of these restrictions, 
many plissiei.uis will reply liiat they 
merely wisli to “protect tlie child". One 
iu.»y ue!! ask “protect against wh.it? 
Ill-art failure? Hheumatic Feser?" 

Whetlier ordinary iir even moder- 
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ately severe physical exertion can af- 
fect adversely a child with organic 
heart disease of minimum to moderate 
extent who is free of any infection is 
still a moot question. None, however, 
will argue that the child with an iso- 
lated murmur is in any way handi- 
capped by this murmur or that such a 
child needs protection from the sup- 
posed ill effects of physical activities. 
Since children with functional mur- 
murs have normal cardiovascular sys- 
tems, both anatomically and physio- 
logically, it is clearly not necessary to 
limit their exertions because of the 
murmur alone. Any attempt or sug- 
gestion to do so only leads to a suspi- 
cion on the part of the child and the 
parent that Ae physician is withhold- 
ing information from them and that 
the child is actually in a serious condi- 
tion. The harm diat is done to the 
A child’s development, the unnecessary 
/ \ mental disturbance to the parents and 
\ the danger of initiating or perpetuat- 
ing a cardiac neurosis are the real dan- 
gers of such excessive protection on 
the part of the physician. 

It is apparent in dealing with situa- 
tions of ibis type that confusion still 
exists as to the significance of cardiac 
murmurs in children, and of the rela- 


tion of normal childhood activities to 
heart disease and to heart failure. Mac- 
Kenzie’s^® warning seems to have been 
forgotten. “Murmurs and irregulari- 
ties”, he stated in 1914, “have, there- 
fore, come to occupy a place in the 
symptomatology which is not in ac- 
cordance with their true significance.”^® 

Summary. 1. The various features of 
functional murmurs * heard in 300 
school children have been analyzed. 
These features include the site of maxi- 
mum intensity, quality, intensity, dura- 
tion and effects of change of position, 
and of exercise on the audibility of 
the murmurs. 

2. It is emphasized that there does 
not appear to be any pathognomonic 
feature that can distinguish a func- 
tional from an organic murmur. The 
only valid means of differentiating the 
two is to examine each child thor- 
oughly and carefully. This has been 
shown to lead to correct evaluation of 
the systohc murmurs in the majority of 
cases. 

3. The lack of the pathological sig- 
nificance of functional murmurs in oth- 
erwise normal children and the harm 
of restricting physical activities in such 
cases is discussed. 


“ It will be noted that the author’s use of the term “functional murmur” is restricted to those cases drought to 
be free of any disease, general or cardiac, that may cause systolic murmurs, thus excluding hemic murmurs, 
and others of non-cardiac origin. Until a satisfactory antonym can be found, for “organic muntrur” (in the 
sense of one due to structural change in heart muscle or valve), definition of the term whenever used is 
necessary in the interests of clarity.— Editou. 
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There is no agreement in the litera- 
ture regarding the electrocardiographic 
pattern in hyperthyroidism. Hoffman,^^ 
the first observer to study the T waves 
in this disease, found a high T wave in 
Lead Two in 23 patients with hyper- 
thyroidism. Hoffman also noted an ap- 
parent relationship between the high 
T waves and the tachycardia. Krumb- 
haar^^ described “unusually prominent 
T waves” in most cases of toxic goitre. 
In about one half of his cases the 
height of the T wave was markedly and 
persistently diminished after operation. 
In hyperthyroidism Hamburger et 
noted little relationship between the 
pulse rate and the height of the T 
waves, although they did observe some 
examples of high T waves. Following 
surgical treatment these waves become 
definitely lower in most instances. Mc- 
Guire and Foulger^'^ described “high 
rolhng T waves” in several patients with 
hyperthyroidism. These authors were 
the first to demonstrate that these same 
T wave changes appeared in normal 
subjects who were fed thyroid extract. 

In contrast to the findings noted 
above, Don and Langley® found no 
relationship between the basal metabolic 
rate and the P and T wave changes. 
Rose, Wood, and Margolies’^® state that 
“while T wave changes occur immedi- 
ately after partial subtotal thyroidec- 


tomy in hyperthyroidism, they are not 
all of the same type; their occurrence 
is at present unpredictable, and they 
follow no pattern.” Low and inverted 
T waves in hyperthyroidism have also 
been described by many authors. White 
and Aub^° state that in hyperthyroidism 
the T wave is often low and its height 
does not necessarily parallel changes 
in the rates of metabolism; it some- 
times runs converse to it. Gordan, Soley, 
and Chamberlain® found abnormal 
tracings in 30% of their cases of hyper- 
thyroidism, but they demonstrated no 
correlation between the basal metabolic 
rate and the normality of the electro- 
cardiogram. These authors observed, 
however, that following operation the 
T wave abnormalities had disappeared 
in 14 of their 17 cases. 

In undertaking the present study, it 
was hoped that the ventricular gradient 
of Wilson^'^ would aid in elucidating 
this problem. The ventricular gradient 
is the net electrical effect, as projected 
on to the frontal plane, produced by 
differences in time-course of repolariza- 
tion in different regions of the ventri- 
cles. This effect is measured from the 
magnitude and direction of the mani- 
fest net area of the QRST complex. The 
magnitude of the gradient, a scalar 
quantity, is represented by the symbol 
(G), while its direction, a vector, is 
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represented by the symbol (G). When 
the QRS complex is unchanged, chang- 
es in magnitude and direction of the 
T wave reflect changes in the magni- 
tude and direction of the gradient.® 

One of the recent developments in 
electrocardiography has been an in- 
creased understanding of tlie effect of 
cardiac position on the form of the 
EGG. The ventricular gradient is in its 
essence a quantitative analysis of EGG 
changes as tliey are projected on the 
frontal plane of tlie body. By the meth- 
od used, however, corrections are made 
for alterations in the position of the 
heart within the chest. In consequence, 
ventricular gradient analysis of suc- 
cessive EGGs on an individual will re- 
veal and measure intrinsic changes 
in the QRST complex 'independerrt of 
the EGG changes resulting from altera- 
tions in cardiac position alone. 

The relationship between the gradi- 
ent and the QRS complex is frequently 
altered by physiological change in the 
myocardium. It has been shown that 
in nonnal hearts the magnitude of the 
gradient, (G), decreases when the 
heart rate increases.^ In evaluating our 
data it was necessary to take into ac- 
count tin's observation. Iti order to elimi- 
nate the complications introduced by 
myocardial disease, no patient witli 
definite or suggestive evidence of heart 
disease was included in this study. 

Mclliud: 1 . Utjpcriltijrchiisiit. C.ucs with 
i-huic.il wvrc scli-cttci from 

tiic (lU. lit the General Hoijiital. 

Uivil inetaijolic rates in these r.uigcd from 
• to -SU'l. .\ll ilouLliul e.nea were ee- 
ih.d.nl as vetll .IS all ca^es willi definite or 
ses^^istue eiieler.ee of heart ehsease*. Of IS 
s i.e. thus / hvted it was jx..>lblc to foliusv 
i.jt I !. i:i.;i,t j'-licnls had la.detaonc suh- 
I til thsn ..he! nuv 0 to 12 isionths juieiaiu 


to the follow-up ECG; 6 patieuls had been 
on tbiour.icil for the same period. A total of 
52 EGGs on these 18 patients were studied. 
From each ECG the longitudinal anatomical 
a.\is of tire ventricles, (H), was estimated by 
die ijiethod described by rSshman,5-i3 and tire 
ventricular gradient was measured as de- 
scribed by Aslrman and Byer.^ The magni- 
tudes of the gradient, (G), were compared to 
the published standards.^-* 

In order to check our technique of mcirsure- 
ment against that of .Ishman and Byer we 
estimated the values of the gradient in a group 
of 30 normal controls. 

2. Thyroid Feeding. Because of the earlier 
report of McGuire and Foulger.l* and in order 
further to augment the number of hyperthr- 
roid individuals studied, 11 norntal subjects 
were fed 6 grains of desiccated thyroid daily 
for periods of 10 to 18 days. EGGs were t.iken 
at intervals and evaluated in Uve same man- 
ner as those of the patients. 

The ages of both patients and normal sub- 
jects fed thyroid varied from 1-1 to 39 years. 
The se.ves were about evenly divided. 

Results: I. The Mac.vitude oe the 
VE.NTH icuLAn Gbauient. (a) Patients. 
Our findings are given in Table 1. In 
the first column after the patient's num- 
ber is given the largest magnitude of 
the ventricular gradient, (G), expressed 
as its percentage of the mean normal 
value as given by Ashman,^ observed in 
the electrocardiograms of each patient. 
In the next column is given the average 
magnitude for all the ECGs recorded on 
each patient before therapy. Since the 
normal range in (G) is from about TU 
to 160 of its average value, it will 
be observed that only 3 of these aver- 
ages e.xceeded the upper limits of the 
normal magnitude. The average 
nitude, however, is 130.; 2:5.75'^o. Ibis 
is significantly greater than the average 
magnitude reported by .(Vshman for 
132 nonn.rl adults (61 men and 71 wom- 
en ), namely 0S.G:r: 1.57c. ‘ It is also 
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much greater than in our control group 
of 30 individuals, whose (G) averaged 
90.5±2.41%. 

The change after treatment is shown 
in Table 1 in the third column after 
the patient’s number. The ECGs of only 
14 patients were available following 
treatment. Before treatment (G) in this 
group measured 126.7±:7.0%. Follow- 
ing treatment the average fell to 85.0i: 
6.3%. The percentage decrease in (G) 


methods in evaluating the results in 
this group. The fluctuations in (G) 
from day to day were not unexpected, 
since they had previously been reported 
as occurring in normal untreated per- 
sons.^ In 10 of the 11 cases there was 
an increase in (G). The percentage 
change was obtained from an average of 
the progressive tracings on each patient. 
This change ranged from — 4 to +58%. 
As indicated in Figure 1 the rise was 


Table 1.— Vamations in Ventiuculab Gbadient Magnitude Duuing Therapy of Clinical Hypeb 

THYROIDISM 


Subject 

Highest Magnitude 

Average Magnitude Post-therapy Magnitude 

Percent Fall 

Type of 


(% of Normal) 

(% of Normal) 

( % of Normal ) 

fiom Average 

Therapy 

I. 

195 

170 

167 

2 

Surgery 

2. 

139 

108 

60 

44 

Surgery 

a! 

123 

96 

66 

31 

Thiouracil 

4. 

149 

132 

•••• 

.... 


5. 

236 

143 

41 

71 

Surgery 

6. 

130 

95 

69 

27 

Thiouracil 

7. 

84 

82 

46 

44 

Thiouracil 

8. 

158 

158 

*•«» 



9. 

122 

122 

59 

51 

Surgery 

10. 

103 

96 

80 

16 

Thiouracil 

11. 

157 

138 

98 ■ 

29 

Surgery 

12. 

151 

123 

71 

42 

Surgery 

13. 

228 

228 

145 

36 

Thiouracil 

14. 

136 

112 

79 

30 

Surgery 

15. 

, 119 

115 

96 

17 

Surgery 

16. 

106 

106 

•••» 

.... 


17. 

134 

134 

• ••• 

.... 


18. 

163 

163 


.... 


19. 

140 

140 

110 

21 

Thiouracil 


Table 2.— Vabiations in Ventricular Gradient Magnitude of Normal Subjects During Thvro 

Medication (6 grains daily). 


Subject 

Control 

Average during 
Medication 

Percent 

Increase 

Six Week 
Control 

A 

98 

155 

58 

91 

B 

123 

153 

24 

104 

C 

74 

107 

44 


D 

124 

133 

8 


E 

93 

146 

57 

9.3 

F 

170 

205 

21 


G 

117 

132 

13 


H 

98 

129 

32 


I 

101 

97 

-i 


J 

105 

114 

8 

87 

K 

98 

106 

8 



in each case is shown in the next col- 
umn in the table. As indicated in the 
last column there was no apparent cor- 
relation between the type of therapy 
and the reduction in (G) following 
treatment. 

(b). Normal Subjects. Table 2 shows 
the effect of thyroid feeding (6 grains 
daily for periods of 10 to 18 days). 
Since only 11 subjects were used, we 
have not separately applied statistical 


steeper than this percentage suggests. 
Gontrol electrocardiograms taken 6 
weeks after the discontinuance of feed- 
ing were obtained on only 4 of these 
subjects. These showed a return to (G) 
values which were the same as, or lower 
than, the original control values. In 
Figme 1 are also shown the variations 
in (G) observed following thyroid feed- 
ing. 

For the purpose of statistical treat- 
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ment we have combined tlie averages 
of the two groups; namely, the patients 
and the normal subjects fed thyroid. 
The mean (G) in the combined groups 
is 132.1::n4.21‘rc. This mean is signifi- 
cantly greater than tlie mean in our 
control group of 30 patients (QO.odr 
2.41 fo). 

2. ReUiVTIonsiup of Heari' Rate and 
Gradient Mag.nttude. (a) Patients. 
When the heart rates in the patients were 
compared with the magnitudes of the 
gradients, no good correlation was 
found. But when all those cases were 
e.xcluded in which there was abnormal 
deviation of the gradient, correlation 
shown in Figure 2 was found. In gen- 
eral tlie more rapid tlie heart rate, the 
greater percentage increase in (G). 

(b). Normal Subjects. One of our 
subjects who seemed normal clinically 
pros’ed to have a gradient which lay 
outside the normal range as given by 
.•\shman.^ When this subject was e.x- 
cluded, as shown in Figure 3, a good 


correlation was found between the 
heart rate and (G). 

Even in the absence of rate increase, 
however, (G) is increased in magnitude. 
This demonstrates that the increase in 
magnitude observed after rate increase 
is not due to inaccuracy in the standard 
used for comparison. 

3. Devevtion of (g), the Direction 
OF THE Gradient, from Its Estimated 
Mean Normal Direction. The method 
of estimating the average normal direc- 
tion of tlie gradient, ( G ) has been given 
by Ashman."* In general, according to his 
findings, (G) should not deviate by 
more than 15° to tlie right or more than 
28° to the left of its estimated average 
normal direction unless the manifest net 
area of QRS axis (Aqns) is small. In 
this latter case the normal range of 
deviation of (G) is somewhat greater. 

We studied 52 elecbrocardiograms 
taken before therapy on 18 patients 
with respect to deviation of G. The av- 
erage deviation (or diversion as Bay- 
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ley calls if^), of (G) was 13.5±2.2° The difference in the mean (G) direc- 
to the right of its estimated normal di- tion in the two groups is 14.8±2.5° and, 
rection, but in 10 of these cases the therefore, significant, 
direction of (G ) was still within normal Following treatment by surgery or by 
range. In 8 patients the deviation of thiouracil not all the gradients which 
(G) was 15 or more degrees to the were deviated to the right returned to 
right. For comparison with these hy- normal. In Case 1, (G) lay 15 de- 
perthyroid cases we estimated the de- grees to the right both before and after 
viation of (G) in a series of 30 pa- treatment. In Case 13, (g) was es- 
tients without thyroid or cardiac dis- sentially unchanged after treatment at 
ease. In this group the average direc- 19° to the right. In Case 5, the 
tion of (g) was 1.30±1,18° to left of change was from an average rightward 
the estimated mean normal direction, diversion (3E CGs) of 38° to 20°. In- 



PEROEHT OF AVERAGE GRADIENT MAGNITUDE 

Fic. 2.— Patients witli clinical hyperthyroidism h.aving ventricular gradients showing no significant deviation 
iroiti normai. 

Individual leadings for ventricular giadient in.ignitude are plotted against heart rate. 



PERCENT OF AVERAGE GRADIENT MAGNITUDE 

Fig. 3.— Normal subjects fed thyroid having ventricular gradients showing no significant deviation tiom 
normal. 

Individual re.Tdiugs for ventricular gradient magnitude are plotted against heart rale. 
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eluding these 3 cases the mean direction 
of the gradient following treatment was 
1.3r:2.7^ to the right in the 14 cases 
with follow-up ECGs. In Case 9, (G) 
was deviated 13.5° to the right before, 
and 29° to the left after treatment. 

-Imong the normal subjects fed thy- 
roid no significant changes were ob- 
served in the direction of the gradient 
either during tlie feeding period or in 
the subsequently recorded control 
ECGs. 

4. No correlation was found be- 
tween the percentage increase in (G) 
and the duration of the Q-T interval, 
or between the latter and the deviation 
of_(G). 

5. No correlation was found to e.xist 
between the ECC changes and the ba- 
sal metabolic rate in these cases. 

Discussion. In order to make 
our analysis of the electrocardiograms 
in hypcrth)'roidisni (juantitative and 
meaningful it was essential to analyze 
the T-wave in terms of the ventricular 
gradient of Wilson. Now that die data 
have been presented, it is possible to 
translate our findings into ordinary 
electrocardiographic terminology. The 
incre.ise in the gratlient. observed both 
in the series of jjatients and the normal 
subjects fed thyroid, means that in 
relation to die magnitude of the QHS 
coinple.x and minute heart rate, the T- 
w.ues are of greater niagiiitiule than the 
.iver.ige seen in normal persons. In 
only 3 tif the p.itients and in 3 of the 
norm.il subjects fevl thyroid, however, 
ilid the T-\s.i\es escaaal the usual nor- 
lu.il range in lu.ignitude; yet the .iver- 
.ige si.'e of the ’I'-w.e.es w.is definitely 
'"•■.Iter th.in in .i eunipar.ible group of 
in i! person, whose he.irt r.Ues and 
S niigniliules were the s.une. In 
ip itison v.ith the T-u.i\e-. of nor- 
' ,1 w h'ue he.irt r.ite; ,ire nut 

th.e r-v..i'.t > in hyp'--nhy- 
the he irt rate is turn* 
i ti. .lie .u.'UjlIy ni.t ab- 
.ind in thi. s'.'n>e 


cannot agree diat unusually high T- 
waves are a universal finding in hyper- 
thyToidism as some of die earlier re- 
ports suggested. We do believe, how- 
ever, that in comparison with die T- 
waves observed in other tyqies of tachy- 
cardia occurring at rest, the T-waves 
seen in hyperthyroidism are on the 
average increased in height.^ In this 
regard diey may be similar to the T- 
waves seen immediately following e.v 
ercise which are often larger than nor- 
mal.'’ Aside from the obvious sugges- 
tion that the relatively large gradient in 
hyperthyroidism may be related in 
some unknown manner to die elevated 
metabolic rate or the augmented car- 
diac output, nothing can be said re- 
garding the cause of this increase. 

The discovery that the ventricular 
gradient tends to become deviated to 
the right in hyperthyroidism is, we 
believe, a new finding. Translated into 
ordinary terminology, this means that, 
relative to the QRS pattern which is 
present, Tj is low relative to T^. Since, 
in proportion to the heart rate, the T- 
waves in hyperthyroidism are larger 
than in control groups, this may best 
be interpreted as an increase in T 3 rela- 
tive to Tr, that is, there tends to be a 
rightward deviation of the electrical a.\is 
of that wave. In cardiac iiatieiits this 
is often a sign of early but chronic inyo- 
c.irdial i.schemia or fatigue in the lat- 
eral wall of the left ventricle. Slight 
myoeardial f.itigue, related to increased 
c.ndi.ic work, in.iy possibly be the fac- 
tor which is responsible for this change 
seen in some of our hyperlhyroid pa- 
tients. Since it is unassociated with pro- 
lou'g.ition of the Q-T interv.il, there is 
no indic.ition of gener.il ischemia or 
fatigue affecting the whole Ventricular 
myoc.irilium. The f.mt lh.it none of the 
luum.il .subjects fed thyroid .showed .1 
.iniilar change m.iv be interpreted .e. 
indic.iting th.it it appe.irs only after 
the incre,i.,(d c.iniiae wmk h.t . per- 
.ist>d for a relati'. ely long time. ,\ftec 
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treatment the rightward deviation of 
the gradient disappeared in most of 
the patients who showed it. It has been 
previously noted that the Q-T interval 
is normal in thyrotoxicosis when the 
EGG is essentially normal.^ 

Support for the suggestion that right- 
ward deviation of the gradient is a “fa- 
tigue” phenomenon is given by obser- 
vationssdetailed above (paragraph 3 of 
the results); namely, that the relative 
increase in the magnitude, (G), with in- 
crease in heart rate holds only in that 
group of hyperthyroid individuals 
whose gradient directions are within 
normal range. La Due and Ashman^^ 
have noted a very large variation in (G) 
in patients with acute glomerulone- 
phritis and abnormal EGG findings. It 
is, therefore, probably to be expected 
that when analogous EGG changes oc- 
cur in hyperthyroidism, the correlation 
between rate and (G) should disappear. 

Summary. In hyperthyroid pa- 
tients who present no clinical manifes- 
tations of myocardial disease the ven- 
tiicular gradient of Wilson, and hence 
the T waves, are larger than in normal 
persons with comparable heart rates. 

In many such persons the direction 
of the gi’adient shows a diversion or 


deviation toward the right. This sug- 
gests a moderate degree of myocardial 
“fatigue” but the Q-T interval is not 
prolonged as it is in many patients with 
T waves of the so-called ischemic type. 

In normal persons who are fed des- 
iccated thyroid, equal relative increase 
in gradient and T wave magnitude oc- 
cur, but no signs of myocardial fa- 
tigue (deviation of the gradient) de- 
velop, even after 18 days of thyroid 
feeding. 

In both hyperthyroid patients and in 
normal subjects fed thyroid there is a 
fair correlation between heart rate and 
relative increase in gradient magnitude, 
providing the EGG is normal, that is, 
reveals no deviation of tire gradient. 
No correlation was discovered between 
the gi-adient and the basal metabolic 
rate. 

Following treatment by operation 'or 
thiouracil in patients and after discon- 
tinuance of feeding in normal sub- 
jects, the abnormal deviation of (G), 
when present, tended to disappear and 
the magnitude of (G) diminished to- 
ward normal. 


We wish to tliank Dr. Richard Ashman for 
his assistance in analysis of the data and 
preparation of the manuscript. 
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The clinical use of aqueous penicil- 
lin in the treatment of bacterial infec- 
tions has involved frequent injections, 
to die inconvenience of patient, nurse 
and physician. This regimen, in most 
cases, has made penicillin therapy a hos- 
pital procedure. The frequent dosage 
schemes in common use have been 
based on the assumption that adequate 
treatment depends on maintaining the 
blood concentration of penicillin above 
a certain minimal level. That level has 
been dictated by the sensitivity of the 
infecting organism to the action of 
penicillin m vitro. 

Tillett and his associates**'” in 19-M 
tiemonstrated that pneumococcal pneu- 
moni.i could be successfully treated 
with penicillin when the drug is omitted 
for 12 to 16 hours at night. During 
PllO. j.iwefA'* showed Uiat the anti- 
biotic eifect of penicillin outlasts the 
iiie.iMirable blood levels in mice in- 
fected with streptococcus. This was 
tmifirmed b> Zubrod” .uul the impor- 
tance of tile bloKxl level in penicillin 
ther.ipy has bet-n re-<-v.iIuated by 
Kagle' and by .'klarsh.ill.' Tompsett*' 
Old ill-, a'sociates mention 26 exses 
*' -infunumia aiccessfuUy treated with 
itn! unit'. aqU‘-on> j/enicillin intra- 
' '*■ twice .1 day iintd defer- 
cciirred. foHo'.vcrl by one 

tif.vtifH-i tiii' treatmi'ut 
.i-Uii..i!i!a m nun with 
onitv .eju'-uus 


penicillin-G intramuscularly once a day 
until the temperature remains normal 
for 3 days. 

Method and Material. Thirty consecu- 
tive cases of pneumonia admitted to the 
medical wards during the first 3 montlis 
of 1948 form the material for this report. 
On admission, the diagnosis of pneumonia 
was made on the clinical history and 
physical e.xamination, and was corrobor- 
ated by roentgenography. A specimen 
of sputum was collected from all but 2 
patients and a sample of blood for culture 
in 24 cases. Then the patient was given 
an injection of 300,000 units aqueous 
penieillin-C intramuscularly, reg.irdless of 
what time of day or niglit the patient was 
.admitted. This vv.is repeated at noon of 
each successive day until the temperature 
VV.XS uonn.il for 3 days. 

There were 15 males and 15 fem.iles 
ranging in age from 16 to 72 ye.irv who 
Were admitted in the 1st to Sth d.iv of 
illness (the onset of the pneumonic jiro- 
ctss was Liken as occurring with tlie chill 
and pleural pain). On the basis of the 
clinical appearance, tiie toentgeno'gr.ini 
ami complications, the degree of illness 
was graded as severe in S, moderate in 
1 1, and mild in h c.ivi-s. HIcxhI culture 
showing pneumoerxeus was positive in 1 
case, a mild one. Spntmn studies wi-re 
nude in 25 cases and pneinnococcus w.n 
found in 26. associatetl Jom<-tiriR-j with 
varions org.Uiinnj, including non-iicniolv- 
tic 4trept(xixcu». .>7r, !t. it.' 

n;ue. a!.d ,4. uart’;'. One lofx- '.sas 
invohid Ui 25 tao-i. 2 in 2 ci’.e., 
and > in 1 e-.'-e. ( ase 

ii.w.cd a Ci-r.tral pi.cmuornc process and 
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in the last case, the roentgenogram 
showed a bronchopneumonia of both 
lower lobes. One daily injection was 
continued for 4 to 13 days, usually 5 to 
7 days. Two cases received 4 injections 
and 5 cases received more than 7. Pa- 
tients were kept in the hospital until the 
roentgenogram showed complete resolu- 
tion or imtil delayed resolution was ade- 
quately studied. 

Results. The analysis of results in 
the 30 cases appears in Table 1. There 
were 4 groups according to response 
to treatment. Group 1 included 18 
cases (60% of the total number) in 
which cure was prompt and the tem- 
perature dropped to normal by crisis 
within 12 to 36 hours. Five cases were 
classified as mild, 10 moderate and 3 
severe. There were 17 lobar pneu- 
monias and 1 bronchopneumonia. 
Seventeen cases showed pneumococci 
in the sputum, associated with strepto- 
cocci in 5 cases. Staphylococcus aureus 
in 2, and B. influenzae in 2 cases. One 
of the patients with lobar pneumonia 
had Strep, viridans in piue cultiue in 
her sputum.* Treatment in this group 
consisted of 4 to 7 injections. The 
following comphcations occurred: 4 
cases of latent syphilis, 1 pleural effu- 
sion, 1 hepatitis, 1 case of delayed reso- 
lution (roentgenographic signs still pres- 
ent after 4 weeks of observation), and 
1 patient was operated upon on admis- 
sion for a strangulated umbilical hernia. 
One patient developed a reciurence in 
another lobe on his 16th hospital day 
just as his first lesion showed complete 
resolution; the same treatment was 
repeated and again produced prompt 
cure. 

Group 2 consisted of 9 cases (30% 
of the total) who responded to treat- 


ment more slowly and whose tempera- 
true fell by lysis. Three cases were 
mild, 2 moderate and 4 severe. The 
percentage of severe cases was there- 
fore much higher in this group than in 
the first group. In 8 cases the lesion 
was lobar and in 1 case central in loca- 
tion. Sputum examination was done 
in 8 cases and pneumococci were found 
in all. Streptococci were found in a 
higher proportion of these cases than 
in patients of Group 1. Mixed infec- 
tion may be a factor in causing response 
to penicilhn by lysis rather than by 
crisis. Since the temperature fell by 
lysis in^this group, as many as 13 in- 
jections were required in contrast to 
4 to 7 injections in the crisis group. 
Complications consisted of: hepatitis in 
1 patient, scarlet fever in 1, latent 
syphilis in 1, delayed resolution in 2, 
and pleural effusion in 1. The patients 
whose resolution was delayed more 
than 4 weeks were both bronchoscoped 
but no endobronchial or tracheal lesions 
were found; bronchograms were done 
in both cases and one showed bron- 
chiectasis. Another severely ill pa- 
tient showed a possible cavity 2 cm. in 
diameter in the center of the consoli- 
dated lobe. She had no symptoms or 
signs of lung abscess and there was no 
history of foreign body aspiration. Her 
response to treatment was prompt. 
The cavity disappeared as the pneu- 
monia resolved. Serial roentgenograms 
were taken and complete recovery was 
noted at the time of discharge. One 
patient was admitted with a pleural 
effusion. He was a 32 year old male, 
moderately ill, who had received a 
sulfonamide and penicillin for 4 days 
prior to admission. He improved 


* This patient was treated at another hospital 18 days before admission for a left lower lobe 
pneumonia; penicillin was mven in dosage of 5000 units intramuscularly every 3 hours and 
crisis followed. No bacteriologic studies were done. On admission to our hospital, she had a 
right upper lobe pneumonia and no evidence of her previous lesion on roentgenoCTam. This 
is of interest because within a period of about 4 weeks she was treated for 2 attacks of pneu- 
monia by 2 different dosage-interval schedules: first by the multiple small dose methoa and 
then by our method. She e-xperienced prompt cure xvith each method. 
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rapidly with our method of treatment 
but his temperature fell by lysis. No 
tubercle bacilli were found in his spu- 
tum or pleural fluid. The sputum was 
not cultured but blood culture on ad- 
mission was sterile. On discharge he 
had a thickened pleura. 

Group 3 included just 1 case of fail- 
ure of this therapy. The patient was 
a 46 year old female who was sick 
for 3 days before admission. She had 
a right lower lobe pneumonia and was 
moderately ill. Her sputum contained 
Streptococcus viridans, although dming 
her 2nd week of hospitalization a pneu- 
mococcus appeared. An initial course 
of 5 injections had no effect and her 
temperature spiked daily to 103° F. 
Penicillin was omitted for 2 days and 
then a 2nd course consisting oJf 6 in- 
jections was given. At this time her 
temperature reached a low grade level 
and persisted for several weeks. 
Chronic active glomerulonephritis was 
a complication and the pneumonia 
resolved over a period of 3 weeks. 
This case conforms to the clinical 
comse of streptococcus viridans pneu- 
monia resistant to chemotherapy as re- 
ported by Reinhart and Venning.^^ 

Group 4 consisted of 2 fatal cases. 
The first occurred in a 72 year old 
female who was admitted on the 4th 
day of illness. She had a typical his- 
tory of pneumonia and a left lower lobe 
consolidation was found on physical 
examination and roentgenogram; her 
white blood count was 27,000. She 
had a spastic paraplegia and mild hy- 
pertensive heart disease for 15 years. 
No sputum was obtained but blood 
culture was sterile on admission. She 
appeared moderately ill and failed to 
show improvement on penicillin ther- 
apy. On her 3rd hospital day she de- 
veloped acute pulmonary edema and 
died 12 hours later. Necropsy revealed 
mild benign nephrosclerosis, left ven- 
tricular hypertrophy and tlie left lower 


lobe pneumonia. Postmortem culture 
from the involved lobe was sterile. 

The second death occurred in a 33 
year old male with a history of alco- 
holism. There was an immediate drop 
in temperature from 105° F. to normal 
after the first injection. Dehrium then 
developed with a sharp rise in tem- 
perature to 105° F. He became cyan- 
otic and died 36 hours after admission. 
Blood tests for syphihs were positive, 
the blood culture was negative on ad- 
mission and the sputum contained 
pneumococcus in pure culture. Physi- 
cal findings and roentgenogram showed 
a right lower lobe pneumonia which 
was confirmed at necropsy, and here, 
too, tlie postmortem culture from the 
involved lobe was sterile. In addition, 
there was a small syphifitic aneurysm 
of the ascending aorta and a large fatty 
liver weighing 3200 gm. 

To summarize, 30 cases of pneumonia 
were b-eated with one daily intramus- 
cular dose of aqueous penicillin-G. 
Twenty-six cases had pneumococci in 
the sputum. Eighteen cases (60%) re- 
sulted in crisis, 9 (30%) in lysis, 1 
failed to respond to treatment (3.3%), 
and 2 ended in death (6.6%). Two 
cases (6.6%) had a pleural effusion and 
3 cases (10.0%) showed delayed resolu- 
tion. Postmortem lung cultures were 
sterile. 

Discussion. The results compare fav- 
orably with those obtained by various 
investigators^’^’®’^’^”’^®’^'^ in the treat- 
ment of pneumococcal pneumonia by 
the injection of smaller doses at fre- 
quent intervals. Comparison of the 2 
methods is shown in Table 2. The mor- 
tality rates reported in the literature 
vary between 0 and 18.5% depending 
on the kind of cases treated. The 
highest figure was reported by Meads 
et for a series of severely ill pa- 
tients. Kinsman et alJ reported no 
'mortality in 75 cases, but his patients 
were soldiers, a youthful group of vig- 
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orous, well-nourished individuals treat- 
ed early in the course of the disease. 
Anderson and Ferguson^ reported 
12.7% in 63 cases of males over the 
age of 35 years. Dawson and Hobby^ 
had 10% deaths in 10 cases. Rotman- 
Kavka^^ had 8.2% deaths in 170 cases. 
TiUett et al}^ had 6.5% deaths in 106 
cases. Therefore, in 478 cases of pneu- 
monia treated with penicillin by mul- 
tiple daily doses there was 7% mor- 
tality as compared with 6.6% in our 
small series. In our patients there 
were no instances of purulent compli- 
cations but there were 2 cases of pleu- 
ral effusion (6.6%) and 3 cases of de- 
layed resolution (10%) as shown in 
Table 2. These figures approximate 


From the bacteriologic standpoint, 
this study is perhaps incomplete in that 
pneumococci were not typed, but there 
has arisen a difference of opinion with 
regard to the need for typing;^® since 
the advent of antibiotics many hospi- 
tals have ceased typing,® It was noted 
that some patients had a low grade 
fever for several days after the initial 
drop in temperature, in the face of 
symptomatic improvement. This does 
not seem to bear any relationship to 
the end-result. This was also noted 
by Tompsett^® and by Bunn and his co- 
workers.^ The latter used oral peni- 
cillin and it was found that a shift to 
intramuscular penicillin had no effect 
on this secondary fever. There is no 


Table 2. 

The Effectiveness of One Large Daily Dose of Aqueous Penicillin Compared with the Effectiveness 
of Multiple Small Doses by the Intramuscular Route 


ilethod 

No. of Qanes 

ilorlaliiy 

% 

Pleural Effusion 
% 

Delayed Resolu- 
tion % 

Multiple Doses 





Meads” 

34 

18.5 

5.4* 


Kinsman^ 

75 

0.0 

6.6 

0.0 

•Anderson* 

63 

12.7 

11.1 

30.1 

Dawson* 

10 

10.0 



Rotman-Kavka** 

170 

8.2 



Tillett” 

106 

6.5 

1.9 

2.8 

Total 

17.S 

7.0 

5 0** 

9.0*** 

300,000 units once a day 

30 

6 6 

6 6 

10.0 


• of 37 cases 
•• of iSl cases 
••• of cases 


the average incidence derived from the 
few reports in the literature which give 
data for the older method of treatment: 
5% and 9% respectively. The other 
reports do not mention these complica- 
tions. However, it may be noted that 
these comparisons are not strictly valid. 
Some reports varied as to the type of 
case, in the amount of penicillin per 
dose, number of daily doses and the 
duration of treatment. Nevertheless, 
in the absence of controls in our series, 
these statistics are of comparative 
value. 


e.xplanation for this phenomenon ex- 
cept that it may be due to the absorp- 
tion of pyrogenic products from the 
area of inflammation. 

This report confirms in humans the 
e.xperimental impression that the effect 
of penicillin is not dependent on the 
continuous maintenance of a penicillin 
level in the blood stream. It appears 
that the antibacterial effect of the drug 
outlasts the demonstrable blood level 
by many hours. This lessens the need 
for special forms of penicillin having 
the property of delayed absorption. 
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Intramuscular doses of 300,000 units 
aqueous penicillin in man have been 
shown by McDermott et al° to give 
demonstrable blood levels lasting 4 to 
8 hours and this was confirmed re- 
cently by Tucker and Eagle^^ for doses 
of 360,000 units. The question arises as 
to how penicillin continues to be effec- 
tive when measurable amounts of the 
drug are no longer present in the cir- 
culation. Parker and Marsh^^ found 
that after the exposure of staphylococci 
to penicillin in vitro, there is a period 
during which the surviving organisms 
do not begin to multiply after the drug 
is removed. Another factor is the tis- 
sue storage of penicillin, for the drug 
may be retained at the site of infection 
long after it has disappeared from the 
blood, as suggested by Tillett etal}* 
The concept of penicillin dose-inter- 
val is in the process of change. The 
blood level is not the only guide for 


treatment. Dosage must be based on 
the therapeutic effect of the antibiotic 
and take into consideration tissue de- 
pots and the bacterial recovery period. 
Storage varies with the dose of the 
drug and the tissue under consideration, 
while bacterial recovery varies with 
the organism infecting the host,‘ A 3rd 
factor is, of course, the protective me- 
chanism of the host. In the clinical 
attack on this problem of dose-interval, 
the treatment of bacterial pneumonia 
by the injection of a large dose of 
aqueous penicillin once a day has been 
found to be effective. 

Conclusion. Thirty cases of pneu- 
monia have been treated with a single 
dose of 300,000 units aqueous penicil- 
lin-G intramuscularly once a day with 
results at least as good as those ob- 
tained by smaller doses at more fre- 
quent intervals. 
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During the course of studies on pa- 
tients with erythema multiforme exu- 
dativum associated with pulmonary 
lesions, attempts were made to isolate 
an etiological agent. Since the previ- 
ous observations'* presented serologi- 
cal evidence suggesting that at least 2 
patients might have been infected with 
a psittacosis-like ■virus, an agent of this 
group was sought. Furthermore, since 
several other investigators*’*’® have sug- 
gested an etiologic relationship between 
herpes simple.x and erythema multi- 
forme e.vudativum, the possible isola- 
tion of a herpes virus was considered. 
The results of attempts to isolate viruses 
from materials obtained from 5 pa- 
tients and the immimological findings 
in the sera of these patients are pre- 
sented in this report. 

Materials and Methods. Isolation 
Studies. Throat washings in 10% horse 
serum broth, vesicle fluid from bullous 
sldn lesions, defibrinated blood and/or 
sputum were obtained from 3 patients 
who recovered (C.K., R.U., and C.S.). 
In 2 fatal cases (H.B. and C.L.)f several 
pieces of lung were taken from the periph- 
ery of the lower lobes. Small pieces of 
the lung tissue were ground in a Waring 
microblender with enough infusion broth 
to make 25% or 50% suspensions. These 
materials were placed promptly in glass 
ampoules, sealed and stored in the dry 
ice cabinet until used. In order to 


control bacterial contamination, 5 mg. of 
streptomycin was added per ml. of the 
throat washings or lung suspensions at 
the time of inoculation. The materials 
were inoculated into mice intracerebrally 
or intraperitoneaUy and also, in the case 
of patients R.U. and C.S., on to the 
chorioallantoic membrane of 10 day old 
chick embryos. 

Serological Tests. The tests for cold 
agglutinins were done by the method 
previously described.® The hemaggluti- 
nation inhibition test was used for in- 
fluenza antibodies^ against the PR8 strain 
of influenza A and the Lee strain of in- 
fluenza B. Tests for complement-fi-xing 
antibodies for psittacosis and Q fever were 
done by Dr. Herald R. Cox at the Lederle 
Laboratories. Tests for neutralizing anti- 
bodies against the herpes virus isolated 
from patient H.B. were done by adding 
0.2 ml. of serial 10-fold dilutions of virus- 
infected mouse brain in 10% rabbit serum 
broth to 0.2 ml. amounts of the patient’s 
undiluted serum. After standing for one- 
half hour at room temperature, 0.03 ml. 
of these mixtures was inoculated into 214 
week old mice by the intracerebral route. 
The LDjo of the serum-virus mixtures was 
thus determined. The neutralizing index 
for the herpex virus was calculated by 
dividing the LD^g of the unknown serum 
by that obtained when the virus was mixed 
with normal rabbit serum or with serum 
of an individual who had no herpetic anti- 
bodies. 


‘.Aided by a Grant from the National Foundation for Infantile Paralyses, 
f C. K.. H. B. and C. L. axe listed as Cases 2, 3 and 4, respectively, in a previous paper. 
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.iObrfrmtiouf: i.u. « inlnuTft'brjjJ; i.p. = inlriipuritonfal; i.n. = intrannsnl; c.a.m. = chorioallantoic membrane. 
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MORGAN, FINLAND: 


Experimental. Isolation of a Virus 
from Patient H.B. Table 1 presents a 
summary of the isolation studies. No 
evidence of the presence of a virus \vas 
obtained by the methods used on the 
materials from 4 of the patients. An 
agent which killed mice following 
intracerebral inoculation was obtained 
from the lung of patient H.B. Intra- 
nuclear inclusions resembling those 
found in infections with herpes virus 
were seen in the brain cells of mice in- 
oculated with this agent. 

Identification of the Virus. Virus H.B. 
had die characteristic properties of 
herpes virus in infection of mice, guinea 
pigs and rabbits, though it was less 
active than most strains in producing 
corneal lesions in the latter animal. 

Further proof of the identity of this 


Therefore, in its animal pathoge- 
nicity, by the character of the lesions 
that it produced and by its antigenic 
properties, this agent appeared to be a 
strain of herpes virus. After the initial 
isolation, 2 additional aUquots of the 
frozen lung suspension were titrated in 
2^4 week old mice, and the virus was 
found to be present in a titer of 10'*. 
This suggests that the virus was present 
in large amoimts in this lung. 

Serological Studies. Antibody studies 
on patients H.B., C.L. and C.K. have 
been summarized in the previous re- 
port.^ Cold agglutinins developed in 
C.K. and H.B. and psittacosis anti- 
bodies in C.K. while C.L. showed 
neither. However, the latter died af- 
ter being sick for only 5 days. The 
results of serological studies on patients 


T.ible 2. Results of Sebologic.a.l Tests in 2 P.\tibnts with Atypical Pneumonia and 


Erythema Multiformb Bxudativum# 


Case 

Days after Onset 



Aritibody Titers* 



Respiratory 

Symptoms 

Skin 

Lesions 

Cold 

Agglutinins 

A 

Injluenza 

B 

Psittacosis 

0 

Feter 

Herpes* 

c.s. 

8 

3 

<20 

16 

4 

0 

0 

2000 


IS 

8 

80 

64 

8 

0 

0 

— 



lo 

10 

S2 

4 

0 

0 

2000 

H.U. 

14 

8 

1280 

128 

16 

0 

0 

2500 


21 

15 

2500 

256 

32 

0 

0 

— 


27 

21 


— 


0 

0 

— 


34 

28 

10 

61 

20 

— 

— 

2500 


/ 'Hie results of tests done on sera from patients. H.B.. C.L. and C.K. Lave been presented elsewhere.* 
• Expressed as reciprocal. * Neutralizing index with H.B. virus. 


strain as a herpes virus was readily ob- 
tained by serologic tests. It was neu- 
tralized by 2 antiherpetic rabbit sera but 
not by normal rabbit sera nor by rab- 
bit antisera prepared against the vi- 
ruses of St. Louis or Japanese B en- 
cephalitis, lymphocytic choriomenin- 
gitis or rabies. Virus H.B. was neutral- 
ized by the sera of rabbits and guinea 
pigs which had survived previous cor- 
neal or intracerebral inoculation of 
this agent. Concentrated globulin pre- 
pared from large pools of human sera 
and convalescent sera from patients in 
their initial infection with herpes 
virus also neutralized this virus. 


C.S. and R.U. are summarized in Table 

2 . 

Both of these patients showed ris- 
ing titers of cold agglutinins but 
neither of them showed antibodies for 
psittacosis or Q fever. The significance 
of the slight rise in titer for influenza 
antibodies is not clear, but since it was 
demonstrated for both A and B strains, 
it is probably not specific. Both of 
tliese patients had high titers of her- 
petic antibodies in their sera but no 
rise in titer was demonstrated. They 
had both been ill for more than a week 
when the first specimen was taken and, 
in addition, C, S. had a previous history 
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of repeated attacks of herpes labialis. 

Discussion. Isolation of a strain of 
herpes virus from the lung of a fatal 
case of atypical pneumonia with ery- 
thema multiforme exudativum is of 
special interest in light of the discus- 
sions of the relationship of herpes virus 
to the latter disease. The question 
of whether this isolation might be due 
to a fortuitous contamination of the 
lung of this patient must be raised since 
this virus is known to have been iso- 
lated from the sputum of a patient with 
atypical pneumonia.® The present find- 
ing is unusual since, to our knowledge, 
the isolation of herpes virus from hu- 
man lung has not previously been re- 
ported. In addition, the peripheral 
lung tissue, even after prolonged stor- 
age and considerable handling, was 
shown to have enough virus to infect 
mice in a dilution of 10~®. This repre- 
sents a large amount of virus and there- 
fore it is not likely to be a chance con- 
taminant. Study of sections of this 
lung, however, failed to show any her- 
petic inclusions, but patient H.B. had 
been ill for over 3 weeks so that lesions 
examined were of considerable age. 
On the other hand, herpes virus was 
not isolated from the lung of another 
fatal case or from sputum, throat wash- 
ings or vesicle fluid of the 3 patients 
who recovered. Similar failures have 


been reported in this chnical syndrome 
by others.®’® 

The techniques utilized here should 
have allowed for the isolation of most 
of the agents of the psittacosis-lympho- 
granuloma venereum group of viruses, 
so that those agents did not appear to 
be present in the lungs of the 2 pa- 
tients tested (H.B., C.L.). However, 
these patients were not the ones who 
showed psittacosis antibodies.' These 
isolation experiments, therefore, do 
not rule out the possibility that one of 
these viruses may have played a role 
in other instances of this clinical syn- 
drome. 

In C.S. and R.U. high titers of serum 
neutralizing antibodies for herpes virus 
were demonstrated. The significance 
of this observation is difficult to evalu- 
ate since most adults show such neu- 
tralizing antibodies in their sera with 
some having neutralizing indices as 
high as 1000.® 

Summary. A sh-ain of herpes virus 
has been isolated from the lung of a 
patient who died with atypical pneu- 
monia and erythema multiforme exu- 
dativum. Isolation attempts on the 
lung obtained from one other fatal case 
and on sputum, throat washings, blood 
and vesicle fluid from 2 additional 
cases gave negative results. The sig- 
nificance of these findings is discussed. 


The authors are indebted to Drs. T. F. McNair Scott and Lewis Coriell of the Children's 
• Hospital of Philadelphia and to Dr. H. Koprowski, Lederle Laboratories, for certain of the 
serum specimens used. Cases R.U. and C.S. were observed at the Massachusetts General 
Hospital through the courtesy of Drs. G. Fitzhugh and A. V. Bock. The authors also acknowl- 
edge their indebtedness to Dr. Frederic Parker, Jr. of tire Mallory Institute of Pathology for 
carrying out tire histological studies. 
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Mercury, in its various forms, has 
been used in many disease states for 
centuries. The literature on the appHca- 
tions of this element in medicine is, 
therefore, abundant. A complete review 
would be of little value, especially since 
this presentation is concerned primarily 
with recent publications. Although the 
material used herein is derived largely 
from the literature of the English 
speaking countries, some significant 
foreign articles are included. 

The use of mercury as a diuretic is 
of remote date, references to its use 
lor this purpose having been made 
by Paracelsus as early as the six- 
teentli century.*^®'^^^ Crawford and 
McIntosh-® referred to a statement in 
1799 by Ferriar that the diuretic 
action of digitalis was increased when 
calomel was added. The te.xts of the 
early nineteenth century refer to 
the combined use of digitalis and 
mercurA'.-® ®’-^^'®' Digitalis, squill and 
calomel were included in Guy’s Hospi- 
tal pills.''® However, the overenthusi- 
astic use of mercury resulted in 

< Oil ) 


undesirable reactions so that it fell into 
disfavor for a time, until Jendrassik'^^ 
in 1885 renewed interest in the use of 
mercurous chloride in the management 
of cardiac edema. 

The first organic mercurial employed 
to induce diuresis was novasurol (the 
double salt of sodium mercurichlor- 
phenyl-o.xyacetate with diethyl barbi- 
timic acid), introduced originally as an 
antisyphilitic agent in 1917.^®®’^®® Three 
years later Sa-xl and Heilig^®® reported 
the effectiveness of this compound as 
a diuretic. After administration of nova-' 
surol, they observed a diuresis when all 
other measures failed. Brunn’® intro- 
duced salyrgan (mersalyl) (sodium [O 
( Hydro.xy- mercuric -methoxyl - propyl - 
carbamyl) phenoxy] acetate) in 1924. 
NeptaP®® and mercupurin (sodium 
trimethyl - cyclopentane - dicarbonic 
acid - methoxy - mercury - allylamide- 
theophylline)^®® were subsequently 
described; mercuhydrin (sodium salt 
of methoxyoximercuripropylsuccinylu- 
rea with theophylline) is the latest of the 
organic mercurial diuretics to appear. 
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Chemistry and Physics: Whether 
mercury is administered as an inorganic 
or organic compound, its diuretic effect 
is probably due to the mercuric iond^^ 
In the former group of compounds, 
ionozation is greater; in the latter, 
mercury is combined more or less 
firmly into an organic complex so that 
it ionizes only' slightly. Difference's in 
ionization between the inorganic and 
organic compounds are responsible in 
part for the variations in absorption, 
local effects and toxicity, the latter 
. phenomenon being more active with 
reater ionization. 

The local effect of mercury depends 
largely upon the concentration of 
mercuric ions. Proteins in low concen- 
trations are precipitated but may re- 
dissolve in excess of proteins; such a 
state always exists in the body in the 
presence of therapeutic amounts of 
mercury. The chemical environment of 
the body influences greatly the physical 
and chemical reactions of this 
element; for example, the halides, 
amides, alkalis and acids affect the 
phenomena of ionization, deposition, 
and physical diffusion. Details of these 
actions may be found in the paper by 
Taylor and Young. 

The action of any particular com- 
pound of mercury is influenced by its 
solubility. Mercuric chloride is less 
ionized than mercurous chloride,^'*® 
although the former is more soluble. 
However, its ability to replace rapidly 
mercuric ions removed from a solution 
of mercuric chloride results in its act- 
ing as a highly ionized compound. 

Although the less ionizable com- 
pounds may diffuse through mem- 
branes as whole molecular structures 
rather tlian as ions,^^“ ionic diffusion of 
mercury is more rapid than molecular 
diffusion. Since the manner in which 
mercury is “metabolized” by the body 
is partially dependent upon diffusion 
across the cellular membranes, the rate 
and degree of ionization determine in 


part the rate with which mercury re- 
acts in the organism. The effect in vitro 
of varying chemical environments on 
diffusion of several inorganic and 
organic compounds of mercury was 
studied by Taylor and Young.^^° They 
found that hydrochloric acid, calcium 
chloride and amonium chloride 
increased the rate of diffusion of the 
mercury of inorganic compounds such 
as mercuric chloride,, mercurous chlor- 
ide and mercuric succinamide. An ex- 
cess of hydroxyl ions was without 
appreciable effect on these inorganic 
compounds but increased the rate of 
diffusion of the mercury of organic 
compounds. Thus, organic mercurial 
compounds which exhibit little diffu- 
sion into water may diffuse readily in 
an environment such as that of a living 
cell. Potassium* iodide, on the other 
hand, enhanced diffusion of both in- 
organic and organic compounds, sup- 
posedly because of the formation of a 
potassium mercuritetraiodide, which 
diffuses most readily in distilled water. 
Ammonium chloride greatly augmen- 
ted diffusion of the mercury of salyrgan 
and novasurol. The mercury of organic 
compounds diffuses across semiperme- 
able membranes into blood serum. This 
may be related to the fact that metallic 
mercury and inorganic mercurial salts 
are more soluble in serum than in 
water, a phenomenon of biologic sig- 
nificance. 

Since the introduction of British 
anti-lewisite ( 2, 3-dimercaptopropanol ) 
by Peters and associates,^^^ numerous 
publications have indicated the impor- 
tance of the reaction between mercury, 
and other heavy metals, and the thiol 
groups of BAL as well as those 
of the other thiol-containing com- 
pounds.^-’-®’®®'^®’®-’^^'®"'^-^’*"*® This type 
of reaction is of importance, not only 
in therapy but also for a better appre- 
ciation of the pharmacodynamics of 
mercury. 

One difficulty encountered in the 
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study of the metabolism of mercury 
has been the relative insensitivity or 
cumbersome nature of chemical analy- 
ses for this element. Many methods of 
analysis have been described, most of 
which involve digestion of the organic 
material in the presense of reducing 
agents. This latter procedure entails a 
loss of mercury which in some cases 
may amount to as much as 75%.^®^ 
Furthermore, many chemical methods 
are not sensitive to small amounts of 
mercury.®®'^® With a normal daily diet- 
ary intake of about 20 micrograms of 
mercury and the urinary and fecal 
excretion of about 12 micrograms,^®® 
chemical determinations become diffi- 
cult. This difficulty is better appreci- 
ated when it is realized that only a small 
amount of mercury is contained in the 
organic compounds used as diuretics. 
The amount of mercury and the 
manner in which it is bound in these 
compounds vary slightly. For e.xample, 
mercuzanthin (mercurophylline) con- 
tains 37 to 42% mercury by weight, 
salyrgan 37 to 42% mercury by weight, 
and mercuhydrin 39 mg, per cc.^®^ 
PH.\R^rACODVNA^^cs: (a) Absorp- 
tion. The absorption of mercury may 
occur by many routes: respiratory 
tract, skin, gastrointestinal tract, vagina, 
rectum, and interstitial tissues. Poison- 
ing by inhalation as well as by vaginal 
and rectal use of mercurial compounds 
has long been recognized.®®-'®® Absorp- 
tion may occur anywhere along 
the gastrointestinal tract. Significant 
amounts of mercury have been found 
in the blood of dogs within 10 minutes 
after the introduction of bichloride of 
mercury into the stomach;'® shorter 
periods of time sufficed when large 
doses were administered. Mercury has 
been recovered in the urine 6 to 12 
hours after ingestion of calomel.®® The 
bichloride of mercury is more rapidly 
absorbed from the intestine. Metallic 
mercun,' and mercurous chloride may 
be oxidized to the mercuric form before 


absorption, but it is possible that there 
is molecular transfer of mercurous 
chloride across cellular membranes. 
When the organic mercurial diuretics 
are administered by rectal suppository, 
diuresis ensues within 1 to 3 hours.®® 
However, there is considerable varia- 
tion in the amount of mercury absorbed 
by this route as measured by the 
mercurial content of the wall of the 
colon and of the urine.'^ 

Mercurial diuretics are most com- 
monly administered parenterally. Ab- 
sorption from muscle is more rapid 
than from subcutaneous tissue and is 
poorest from adipose tissue. Sloughs 
may occur in the latter two tissues as 
a result of local action of mercury. The 
factors governing the rate of absorp- 
tion following intramuscular injection 
were investigated by DeGrafE and his 
coworkers.®® They demonstrated that 
the organic mercurials which did not 
contain theophylline caused greater 
local reaction than those which did. 
Urinary excretion of mercury, from 
which absorption may be estimated, 
accounts for only part of the injected 
dose. When organic mercurials (mercu- 
purin and salyrgan with and without 
theophylline) were injected intra- 
muscularly and the muscle was re- 
moved at varying intervals of time, it 
was found that absorption was most 
rapid immediately after injection.®® 
When theophylline was absent, there 
was 10 to 20% of the injected mercury 
remaining at the site of injection 39 to 
48 hours later, whereas when theophyl- 
line was added in amounts up to 5% of 
the total organic mercurial diuretic, 
absorption was almost complete by the 
end of one hour. The chemical method 
used in these studies for the determina- 
tion of mercury had a 10 to 15% error. 
Organic mercurials injected into the 
ascitic fluid have been followed by 
untoward reactions,®®-'®® and this route 
would therefore seem to offer no advan- 
tage over intramuscular injection. 
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(b) Distribution. After mercury 
enters the blood stream from any site 
of administration, it combines in large 
part with the plasma albumin to form 
an albuminate.-'’^-'^'^'®® The strong aflan- 
ity of albumin for the mercurials 
resides in a single SH group present in 
the albumin molecule."^® In spite of this, 
tracer studies of the regression curves 
of mercuhydrin labeled with radio- 
active mercury and administered intra- 
venously show that the mercury leaves 
the blood stream rapidly.^'*® It is widely 
distributed throughout the body, being 
found in almost every organ, including 
bone.®*^ It occurs in greatest concentra- 
tion in the kidneys, although the liver 
contains about three times as much, 
by virtue of differences in the size of 
these organs. As previously stated, the 
relatively insensitive chemical analyses 
used for mercury encumber the evalua- 
tion of small amounts found in various 
organs and body fluids. This problem is 
being attacked by the use of radio- 
mercury. Mercury has reportedly been 
found in plasma and in the washings 
from red blood cells, though the valid- 
ity of the results is questionable, since 
in some instances no mercury was 
found in the whole blood. Its pres- 
ence in spinal fluid is controversial; 
some investigators were unable to find 
even a trace in the spinal fluid of 
patients treated by inunction or injec- 
tion, or even in patients with fatal 
mercurial poisoning.^®^ Ascitic fluid 
and saliva have been found to contain 
small amounts of mercury, and 
greater quantities are present in bile.®® 
Tissue sections of liver and kidney 
have been treated with hydrogen sul- 
fide to demonstrate the presence of 
mercury. When dogs were given a to.xic 
dose of a mercuric chloride and tissue 
sections of the kidneys were treated 
with hydrogen sulfide, black granules 
were seen in the arterioles, capillaries, 
lymphatic spaces, tubular cells and in 
white blood cells present in the 
kidney.^® When liver sections were 


treated in this manner, the granules of 
mercuric sulfide were found in tlie 
lumen of the central veins, in the walls 
of the veins, and in the connective 
tissue of the periportal fields. No gran- 
ules were noted in the parenchymal 
cells, although some were present in 
Kupffer cells and in the epithelium of 
the large bile ducts. 

The form in which mercury is re- 
tained or stored by the tissues is un- 
known. It has been suggested that it is 
stored in combination witli protein.^®® 
The quantity and type of mercury ad- 
ministered, whether highly or shghtly 
ionized, organic or inorganic, and the 
specific chemical environment deter- 
mine the amount stored and the spe- 
cific tissue affinity.^®® The storage equi- 
librium is affected by acid and alkaline 
precursors. As is the case with lead, the 
amount stored is increased by a high 

(c) Excretion. The chemical form in 
which mercury is excreted is unknown. 
In the case of ionizable mercury, such 
as mercuric chloride, the excreted com- 
pound might differ from that resulting 
from administration of mercuric sali- 
cylate and the poorly ionized organic 
compounds. It has been postulated that 
a mercurial compound may be ab- 
sorbed and e.xcreted as such,®® but this 
has not been definitely established. 

There are several avenues of excre- 
tion of mercury, the most important of 
which is by way of the urine. Excretion 
in the feces occurs by way of the bile 
and the intestinal mucosal and salivary 
glands. Bile contains a higher concen- 
tration of mercury than does the 
blood.^®® Mercury is present in milk 
and sweat, but in inconsiderably small 
amounts. 

The excretion pattern of mercury 
administered over a long period of 
time by inunction or injection to tlie 
point of “saturation" will differ from 
that following administration of a 
single dose for its diuretic effect. When 



100 


PtlOGRESS OF ME&ICAL SCIENCE 


the body is “saturated”, the concentra- 
tion of mercury in the urine approxi- 
mately equals that in the blood.^^^ 
However, it is the concentration of the 
circulating mercury which determines 
the rate of excretion, especially in the 
urine.^^® During therapeutic adminis- 
tration by inunction, the blood level 
obtained is usually 1 to 2 and not over 
3 mg. per liter, whereas the biliary 
concentration is higher but variable. 
Excretion studies of mercury following 
prolonged periods of administration 
were reported in detail by Lomholt.®" 
With prolonged administration of 
mercury by inunction or injection, ex- 
cretion may continue for 6 months 
after cessation of treatment, indicating 
that mercury has been accumulated 
and stored in the body.®®'^®*-^^® On the 
other hand, after a single intravenous 
injection, as m diuretic therapy, ex- 
cretion has been reported to be com- 
plete in 48 to 72 hoiurs, 75% or more of 
the injected mercury being recovered 
in the urine and feces within this 
period.^®^ Kwit and associates®^ and 
Gold®^ reported that the mercury of 
organic mercurial diuretics is com- 
pletely eliminated in 24 hours or less if 
satisfactory diuresis is maintained. 
Modell®^ pointed out that this might 
not be true in the presence of oliguria. 
It is exceedingly difficult to recover 
100% of the injected dose of mercury 
by chemical methods. In fact, the per- 
centage excreted after a single injec- 
tion has not been definitely established. 

The time required for excretion 
varies , wth tire type of compound 
administered and the route of admini- 
stration.*®® A more rapid rate of excre- 
tion follows intravenous than intra- 
muscular injection. The poorly ionized 
organic compounds are eliminated 
more slo\Vly than the more highly 
ionized inorganic ones with both of 
these routes of administration. The 
tendency to retain mercury in the body 
is least following intravenous injection 


and greatest following intramuscular 
injection of a suspension of metallic 
mercury in oil.®® The rate of elimina- 
tion of most mercurial preparations is 
greatest immediately after administra- 
tion.®® DeGraff and his associates®* 
found that theophylline increased ex- 
cretion by 30 to 40% after intramuscu- 
lar and intravenous injection. Since 
various chemical environments influ- 
ence ionization, storage equilibrium 
and physical diffusion of mercury, it is 
to be e.xpected that elimination of 
mercury by all pathways will vary 
considerably from one individual to 
another and with time in the same indi- 
vidual.**® 

(d) Active Principle. The mercuric 
ion exerts many effects on the body, 
but that which primarily concerns us 
for the moment is its diuretic effect on 
the kidney. This action of ionizable 
forms of mercury has been shown to be 
great. Organic and inorganic mercu- 
rials and colloidal mercury act simi- 
larly.*®*’*®® The diuretic effect of 
organic mercurials has been attributed 
to the mercury released from these 
compounds. On the basis of the amount 
of parenterally administered mercury, 
the ionizable inorganic compounds are 
superior.*®* Melville and Stehle*®® con- 
cluded that the action of mercuric 
chloride was identical with that of 
novasurol e.xcept for the duration of 
the latent period before the onset of 
diuresis. Since the diuretic effect 
depends upon the availabifity of free 
mercury, the tissues and body fluids 
apparently release mercury from local 
organic combination during this latent 
period.®*'*®* 

(e) Site of Action. The precise mech- 
anism by which mercurial diuresis is 
effected is unkno%vn. The existence of 
some extrarenal effect in the response 
has neither been established nor ex- 
cluded. Saxl and Heih'g*®®>*®® were of 
the opinion that some extrarenal ac- 
tions were involved on the basis of 
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refractometer and chemical studies on 
the blood immediately following injec- 
tion of a mercurial. Others demon- 
strated hemodilution in the first few 
hours.^'*'^^*’ DeVries^® observed that 
mercurial diuresis in the presence of 
edema was not accompanied by 
changes in protein and hemogoblin 
concentration, whereas these values 
increased in the absence of edema. 
Schmitz, on the other hand, found 
no indication of hemodilution nor any 
evidence that diuresis was preceded by 
mobilization of fluids from tissue 
spaces. Furthermore, the administra- 
tion of sodium chloride resulted in a 
decrease in the refractive index with- 
out an associated increase in diuresis 
or in the rate of glomerular filtration.^^® 
These observations were interpreted to 
indicate renal action of the mercurials. 
Bryan and his associates^'^ found no 
consistent change in specific gravity or 
colloidal osmotic pressure immediately 
after the injection of mercury, but 
during diuresis there was hemoconcen- 
tration. 

The work of Bartram^ and of 
Christian and Bartram-® seems to 
establish that the major, if not the sole, 
action of mercury is limited to the kid- 
ney. By injecting small amounts of 
novasurol and salyrgan into one renal 
artery, they produced typical diuresis 
from tlie injected kidney, whereas the 
urine of the other kidney remained 
unchanged as to rate of excretion 
and character. The urine from the 
injected kidney was pale, of low speci- 
fic gravity, and contained albumin. 
When the amount of mercury injec- 
ted was increased, bilateral diuresis 
occurred, but its onset was earlier on 
the injected side. With injection of 
exti’emely large amounts, there was a 
toxic reduction in rate of urinary flow 
from the injected side and typical 
mercurial diuresis from the opposite 
kidney. 

. Govaerts“‘ injected an animal 


mercurial diuretic and at the height 
of diuresis transplanted one of its 
kidneys into the neck of an untreated 
animal. The transplanted kidney con- 
tinued to form pale urine of low spe- 
cific gravity as it had done in the 
injected animal. This experiment indi- 
cates that it is possible for the diuretic 
action of mercury to be produced by 
renal action alone but does not exclude 
contributing systemic factors. How- 
ever, the observation by Keith®^ that 
mercury will not cause diuresis in the 
presence of low plasma chlorides makes 
it difficult to exclude extrarenal effects 
completely. In addition, observations 
have been made in man, by biologic 
titration, on the inhibitory effects of 
pitressin and of desoxycorticosterone 
acetate on mercurial diuretics. Reac- 
tions such as these may influence mer- 
curial diuresis. 

(f) Mode of Action. The precise 

mechanism by which mercury acts 
upon the kidney is unknovra. Various 
investigators®'®®-'^-’^-®’^'^® have shown 
that there is no increase in glomerular 
filtration but that diuresis is due to 
decreased rate of tubular reabsorption. 
Mercury does not alter the ability of 
the kidney to secrete urea.^^- 

Richards,^-® working with frog kidney, 
found that mercuric chloride “abolished 
the power of active reabsorption and 
power of selective retention of diffus- 
able substances by the renal tubule.” 

As indicated previously, the specific 
action of mercury on the tubuie is un- 
known. Mercury is a protoplasmic 

poison, and its diuretic effect has been 
considered by some to indicate a mild 
toxic action on the renal tubular 

cells.^^® It is possible that mercury 
interferes witlr certain enzymatic sys- 
tems within them. Mercuric chloride 
prevents glycolysis in frog muscle e.x- 
tract,-'*'* but when monotliiols, such as 


cysteine and glutathione, were added, 
glycolysis was reinitiated. Mercury has 
wffh^-~be0i,s^wn to prevent the rat kidneys 
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from acting as a source of blood sugar, 
whereas ureteral ligation and phlori- 
dzinization did not prevent gluconeo- 
genesis in the kidney.^^“ 

Gihnan and his coworkers^® studied 
the effects of BAL, BAL glucoside and 
thiosorbital on acute mercurial poison- 
ing. They were able to protect the 
animals from a uniformly fatal dose of 
mercuric chloride with aU three thiols. 
Since early treatment completely pro- 
tected the animals, the authors con- 
cluded that the mercaptides formed in 
civo are sufficiently non-dissociated to 
prevent combination of the mercuric 
ions with cellular enzymes. It was also 
found that mercury could be removed 
from intracellular combination by 
delayed administration of thiols. This 
is in agreement with the experience of 
Longcope and Luetscher®* and of 
Ginzler.®** The mercury-BAL complexes 
are in themselves to.xic.®®'®® With BAL 
it is possible to prevent or arrest 
mercurial diuresis promptly;®®**^-®®’®'^ 
this is also true for chloruresis. Another 
injection of a mercurial will reinitiate 
diuresis, which may again be counter- 
acted by BAL.®® 

Immediate reduction in the volume 
of the kidney, with concomitant reduc- 
tion in renal blood flow, has been 
recorded after an intravenous injection 
of a mercurial diuretic.-'-*®'"® This lasts 
5 to 10 minutes and is accompanied by 
decreased urinary output. BAL, cys- 
teine and glutathione prevented any 
diminution in the volume of the kidney. 
Tlie inonothiols did not reduce diuresis 
in these studies, whereas BAL com- 
pletely inhibited it. 

Physiologic Respo.vse: Diuresis 
resulting from administration of mer- 
cury causes certain chemical and 
physical changes in the blood. There is 
a reduction in blood chlorides.'®'-®'®*'*®® 
llemodilution and hemoconcentration 
are inconstant f indiniis.'®'®®®*'®*'*®® 
The total serum base is lowered, 
altliough this value may return to 


normal 24 hours later.®* Blood urea is 
not significantly altered.'*' 

Ghanges in urine are much more 
pronounced. All investigators agree that 
the urinary excretion of chloride is 
greatly increased.®'®®'*®'”'*''*®''®*-'®®''®® 
If the amount of mercury administered 
is excessive, excretion of chloride ^vilI 
diminish,'®® but such a dosage scheme 
is out of the range generally employed 
therapeutically in man. Blumgart and 
his associates® observed an increase in 
the excretion of chlorides, so.dium, po- 
tassium and calcium in comparatively 
constant relationships. Others have re- 
ported greater excretion of sodium es- 
pecially when sodium intake was un- 
restricted.®*'®*’®''*®''®*'''® In normal indi- 
viduals, the output of chloride, sodium, 
potassium and calcium fall below the 
normal or control level, a compensa- 
tory positive balance, for 2 to 3 days 
after diuresis. Inorganic sulfates and 
phosphates are not particularly affect- 
ed by mercurial diuresis.® Such changes 
as may occur in the protein content of 
the urine are difficult to evaluate, since 
the methods of analysis usually em- 
ployed were not sufficiently sensitive. 

The specific gravity of the urine is 
lowered dining mercurial diuresis. This 
is to be expected, since tubular reab- 
sorption of the glomerular filtrate is 
decreased. The volume of urine and its 
specific gravity vary widely with dif- 
ferent preparations of mercury, routes 
of administration, and degrees of hy- 
dration and edema. Various maximum 
values were reported, ranging from 1 
or 2 liters to as much as 14 liters fol- 
lowing administration of a single 
dose."* The duration of diuresis varies 
from 8 to 48 hours, but it usually lasts 
less than 24. 

To.viarv: The mercuric ion exerts 
widespread toxic effects. Lesions which 
have received greatest attention are 
those in the kidney, colon and liver. 
The findings in mercurial poisoning in 
man and other mammals are identical. 
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The basic renal lesion is represented by 
degenerative and necrotic changes 
in the tubular epithelium.^®’^®’'*’’*'^^’’^®' 
96,102.127,139 Calcium may be deposited 
in necrotic tubular cells within a week 
after poisoning. Renal changes may ap- 
pear within a few minutes after intra- 
venous injection,^®^ Glomerular changes 
have also been described.®® Histologic 
studies of the human kidney following 
intravenous administration of mercury 
disclosed changes resembling mild mer- 
curial poisoning.®'^’^®®’^^’^ After death 
from another cause sections of the kid- 
ney in a subject poisoned with salyrgan 
revealed complete recovery from the 
renal injury.®® Roby and Pfeiffer^" 
demonstrated that renal injury usually 
results when the blood level of mer- 
cury exceds certain levels, which vary 
with the mercurial compounds. It is 
well to note that injury limits the abil- 
ity of the kidney to excrete mercury.®® 
Casts and cell counts have been found 
to be elevated in the urine of rats fol- 
lowing administration of a dose of .0008 
gm. of mercury per kilogram of body 
weight, the usual clinical dose for 
man.^® Because of relatively few studies 
of this kind in man, conclusions con- 
cerning human toxicity are extremely 
limited. 

Histologic examinations of the liver 
following mercurial intoxication re- 
vealed degenerative changes and con- 
gestion of the blood vessels and sinu- 
soids. Hemosiderin may be deposited 
in the parenchyma. 

Mercury has serious effects on the 
cardiovascular system. Reference has 
been made to the vasoconstriction oc- 
curring immediately after the intra- 
venous injection of mercury.®^-^®*'^® Sal- 
ant^®® found that small amounts of mer- 
cury, 1 part in 100,000 Ringer’s solu- 
tion, produced heart block and delirium 
cordis in the turtle. These disturbances 
sometimes followed concentrations as 
low as 1 part in 10,000,000. Cardiac 
standstill of 1 to 3 minutes duration 


and extreme reduction in blood pres- 
sure were observed in dogs when mer- 
curic succinate, benzoate or acetate 
were employed. Johnston'^® studied the 
effects of salyrgan and mercupurin as 
well as mercurous and mercuric chlor- 
ide on the turtle heart. He found that the 
organic mercurials were just as toxic 
as the inorganic ones when their mer- 
curial content was compared; purine 
derivatives decreased this toxicity. Sod- 
ium thiosulfate restored fhe cardiac 
mechanisms to normal. By using mag- 
nesium sulfate in conjunction with the 
mercurial. Pines and his coworkers^^® 
were able to reduce the incidence of 
ventricular fibrillation in dogs caused 
by esidrone (the sodium salt of pyri- 
denedicarboxyl - /3 - mercuri- a -hydroxy- 
propylamide-theophylline ) . It did not 
protect against disturbances in conduc- 
tion, however. A number of electrocar- 
diographic studies have revealed mech- 
anismal disturbances and various de- 
grees of atrioventricular and intraven- 
tricular block.®’®®’®®’^®® Premature beats 
were relatively common. Long and 
Farah®^-®® and Farah and Maresh^® in- 
vestigated the ability of the dithiols and 
monothiols to prevent cardiovascular 
reactions to mercury. Cardiac failure 
produced by salyrgan in a heart-lung 
preparation was reversed by the thiols. 
The 50% lethal dose for mice was in- 
creased from 103 mg. to 176 mg. of sal- 
yrgan per kg. of body weight by the 
thiols. The vasoconstriction which im- 
mediately follows an intravenous injec- 
tion was abolished by these antagonistic 
drugs. 

The immediate fatalities which oc- 
cur after intravenous injection of or- 
ganic mercurial diuretics result from 
the toxic action of mercury on the 
heart. The literature on this subject 
was recently reviewed by Kaufman,®® 
who reported a fatality and reviewed 
31 others. Another case has since been 
reported"^ and there are undoubtedly 
many others. Certain factors are im- 
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pressive in these fatal cases. First, the 
dosage given to the children was large. 
Second, a large percentage of the fa- 
talities occurred in patients with ne- 
phrosis and nephritis. Third, in some 
cases there were premonitory signs of 
to.xic reaction; in some, death followed 
the first injection; and in others the 
mercurial had been well tolerated for 
long periods of time before the fatal 
reaction occurred. Fourth, the time 
from injection to death is very short, 
usually 2 to 3 minutes and not more 
than 5. Undue apprehension, dyspnea, 
substernal disconifort, sweating, pal- 
lor, and changes in pulse should be con- 
sidered as warning signs.'-’'® A number 
of alarming nonfatal reactions have 
been observed.'--®-'^^ Certain general- 
ized systemic reactions to mercury may 
occur somewhat later: chills, fever, 
asthma, and cutaneous manifestations 
of hypersensitivity to mercury .®''®'®®‘®' 
Another delayed reaction is overdehy- 
dration with e.xcessive loss of electro- 
lytes and fluid. The syndrome of weak- 
ness, restlessness, apathy, mental con- 
fusion and possibly coma resulting 
from overdehydration and electrolyte 
imbalance has been emphasized by Poll 
and Stern"®-"" and by others.®®-®® Ad- 
ministration of fluid and electrolytes, 
particularly sodium, will correct the 
underlying fault. Tetany following ad- 
ministration of mercurials has also been 
reported.®* 

Prevention of toxic reactions is dif- 
ficult and in certain cases probably 
impossible. If a patient manifests re- 
actions to intravenous injection of di- 
uretics, this route of administration 
should be discontinued. Many reac- 
tions can be averted by the use of the 
intramuscular route, for which there 
are no reported deaths and only one 
serious reaction.'® The speed witli 
which an injection is given is also im- 
portant, as is the total amount admin- 
istered. 

The question of chronic damage of 


the renal tubules from repeated use 
of mercurial diuretics often arises. 
However, there are numerous reports 
of patients who have received extreme- 
ly large quantities of organic mercur- 
ials over long periods of time without 
any evidence of renal injury by histo- 
logic examination or by renal function 
tests.'®-®'-*®-®®-'®®-"®-'®'-'-’® Maxwell and 
his associates®® were unable to detect 
any histologic differences between the 
kidneys of patients with congestive 
heart failure treated with mercuri-als 
and those who had received no mer- 
curial diuretics. 

Clinical Applica-hons; The essen- 
tial indication for the use of mercurial 
diuretics is the need to reduce the ex- 
tracellular fluid compartment, espe- 
cially in congestive heart failure. It is 
not necessary in this review to discuss 
the mechanism of retention of elec- 
trolytes and water in edematous states. 
Regardless of the precise mechanism, 
there is retention of sodium and, there- 
fore, water. Mercurial diuretics increase 
the rate of excretion of water and so- 
dium.®'-®*-*'-*®-'®*-"*-"® When symp- 
toms result from an increase in e.xtra- 
cellular fluid, a mercurial diuretic is 
indicated to remove this fluid and to 
prevent its recurrence, unless circum- 
stances preclude its use. 

Since novasurol was introduced in 
1920,'®® mercurial diuretics have been 
employed with varying popularity in 
the management of congestive heart 
failure, but more recently they have 
received much greater attention. The 
more vigorous attack by these agents 
is the result of the efforts of a large 
number of clinical investigators, chiefly 
Gold and his associates.®®-®' The meth- 
od of trial and error must be used in 
order to establish a maintenance dose 
for each individual. Initially, when the 
patient is in severe congestive failure, 
mercurials may be used more fre- 
fiuent; that is, daily or every other 
tlay, until sufficient dehydration has 
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been achieved and body weight has 
been stabilized. The dosage necessary 
for this may vary from 0.5 cc. weekly 
to 2 cc. daily of mercuhydrin, mercu- 
purin or salyrgan with theophylline. 
Dosage levels of 2 cc. daily may be far 
too great for most patients. Weight loss 
should not exceed 2 to 3 pounds daily. 
Too rapid reduction in weight by over- 
enthusiastic treatment may cause over- 
dehydration and electrolyte imbalance 
of serious nature. The stabilized weight 
level has been defined as the “dry 
weight” for that particular individual,®® 
the size and frequency of subsequent 
doses varying to maintain this weight. 
It is preferable, therefore, to administer 
the smallest dose which will produce 
the desired amount of diuresis than to 
employ the same dose, 2 cc., empiri- 
cally for every patient. The less used, 
the less is the likelihood of toxic reac- 
tion. ModelP®® found that 2 small doses 
administered weekly often effect a 
greater loss in weight per volume of 
diuretic than the same amount of ma- 
terial given once weekly. The former 
method is more desirable, since a sta- 
tionary level is more nearly maintained 
and unfavorable reactions are less 
probable. It is wiser to prevent reaccu- 
mulation of fluid than to permit large 
volumes of fluid to collect and symp- 
toms to return. Paroxysmal nocturnal 
dyspnea may be prevented by the use 
of mercurial diuretics, but mercurials 
alone are rarely indicated for this.^®- 
Except in early and mild failure, the 
management of chronic congestive 
heart failure should include mercurial 
diuretics in addition to digitalis. If the 
use of diuretics is resei’ved solely for the 
more severely ill patients who do not 
respond satisfactorily to digitalis alone, 
the time required for the less serious 
patients with cardiac failure to achieve 
a state of compensation or ma.ximum 
improvement is lengthened. Mild and 
moderate degrees of congestive heart 
failure may be managed by the use of 


mercurial diuretics alone, but in the ab 
sence of digitalis the maintenance dose 
of the mercurial is higher. It has beer 
adequately demonstrated that digitalis 
increases the cardiac output and there- 
fore the renal blood flow. It is likely 
that the mercurial diuretics will effect 
greater diuresis when the renal blood 
flow is more nearly normal. It is im- 
portant to realize that mercurial diuret- 
ics constitute only one aspect of the 
relatively complex system and the 
many factors concerned witli the man- 
agement of congestive heart failure. A 
detailed discussion of the management 
of heart failure will not be presented 
here. 

The intravenous and intramuscular 
routes of administration are equally ef- 
fective except in extreme circulatory 
collapse, when the latter is less certain. 
However, since the intramuscular route 
is not attended by the danger of im- 
mediate reactions, it is preferable. The 
injectable preparations, salyrgan with 
theophylline, mercuzanthin and mercu- 
hydrin, may be given either intraven- 
ously or intramuscularly. In the pres- 
ence of theophylline the reaction at 
the site of intramuscular injection is 
reduced and the rate of absorption is 
increased,®® but stiff some unpleasant 
local reactions may occur. Nlercuhy- 
drin appears to cause less local tissue 
reaction and less pain at the site of the 
injection. 

The effectiveness of mercurial diu- 
retics administered orally has been in- 
vestigated by Batterman and his asso- 
ciates®-'^'® and by Borg.^^ The tablets 
were given in a large single dose as 
well as in multiple small doses; the lat- 
ter was more efficient in causing diure- 
sis. A loss of over 3 pounds in weight 
occurred in 60 to 70% of the trials. 
This method of administration is not 
as effective or dependable, however, as 
the parenteral route. Large oral doses 
are sometimes required to induce di- 
uresis. Nausea, vomiting, and diarrhea 
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occur frequently. If it is well tolerated 
and if the response is good, oral ad- 
ministration offers certain advantages 
in the ambulatory patient. 

Administration of mercurials by rec- 
tal suppository has been investigat- 
ed.i3a4, 21,34,48,113 produced diure- 

sis in 50 to 70% of trials. However, the 
incidence of rectal irritation by suppos- 
itories containing mercurials is too high 
to justify advocation of this route. 

Numerous studies have been carried 
out on the relative efficacy of the vari- 
ous mercurial preparations available 
for clinical Those 

containing theophyUine proved more 
effective than the theophyUine-free di- 
uretics. There appear to be no signifi- 
cant differences in the diuresis result- 
ing from the various commercial 
preparations, all of which contain 
theophylline. 

The influence of ammonium chloride 
and otlier acid-producing salts on the 
effect of mercurial diuretics has been 
reported by numerous investigators.'^-®®- 

34.40.41,43.47. 18,.-.4,01,70, 113,137,143 There JS 

general agreement that the diuretic ef- 
fect of the mercurials, whether admin- 
istered orally, rectally or parenterally, 
is enhanced to varying degrees by pre- 
medication with ammonium chloride 
and other acid-salts. Since ammonium 
chloride must be used in large doses 
to be effective, gastrointestinal symp- 
toms are frequently encountered. The 
magnitude of the increase in diuresis 
does not usually justify the precipita- 
tion of nausea, vomiting and abdomi- 
nal pain in an already seriously ill pa- 
tient. There appears to be no need for 
the acid-producing salts in the usual 
instance, the mercurials alone being 
adequate. In certain selected cases 
where potentiation of diuresis is essen- 
tial, ammonium chloride may be tried. 
It is well known that ammonium chlor- 
ide alone is a mild diuretic. 

Gratifying results have been achieved 
m CDiigestive heart failure with the use 


of mercurial diuretics. The symptoms 
caused by an increase in the volume 
of extracellular fluid are relieved. Pa- 
ro.xysmal noctmmal dyspnea may be 
prevented by maintenance doses. The 
life expectancy in many patients with 
congestive heart failure is considerably 
lengthened, and the duration of indi- 
vidual episodes of decompensation is 
shortened. Ascites may be controlled, 
so that abdominal paracenteses are 
rarely necessary. The edema of the 
nephrotic syndrome likewise may be 
controlled. However, renal function 
must be carefully observed when mer- 
curials are employed to combat renal 
edema. Edema as a result of thrombo- 
phlebitis and lymphatic disease may 
diminish after administration of mer- 
curials. Inflammatory edema and asci- 
tes associated with abdominal malig- 
nancy respond poorly if at all. Although 
ascites associated with hepatic cirrhosis 
frequently responds well, this treat- 
ment should be employed cautiously in 
this state. 

CoNTOAiNDiCA-noNS: There are cer- 
tain contraindications to the use of 
mercurials, for example, the presence of 
acute glomerulonephritis. The presence 
of renal disease with insufficiency pro- 
hibits the use of mercurials, since the 
excretion of the injected mercury is de- 
layed and accumulation is possible. 
Nevertheless, an elevation of the mea 
nitrogen may result from congestive 
heart failure without primary renal di- 
sease.^®® Obviously, the presence of 
moderate elevation of blood urea nitro- 
gen with albuminuria is not necessarily 
a contraindication. If, however, the 
blood urea nitrogen is over 60 mg. per 
100 cc., mercurials should not be used. 

Known idiosyncrasy of the patient to 
mercurials contraindicates their use. 
Severe reactions to intravenous injec- 
tions preclude further use of this route 
of administration and only small doses 
should be given by any other route. 
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Other contraindications include inade- 
quate response to injections of the mer- 
curial diuretics, or oliguria, hematuria, 
severe albuminuria in patients previ- 
ously normal urine, overdehydration 
and depletion of electrolytes, at least 
until these states have been corrected. 
Further diuresis should not be attempt- 


ed when mobihzation of large amounts 
of fluid of edema has resulted in evi- 
dence of digitalis intoxication. Follow- 
ing some ot tlie less severe reactions, 
use of mercurial diuretics may be re- 
sumed in smaller amounts and at longer 
intervals of time, but careful observa- 
tion of the patient is imperative. 


REFERENCES 

1. Andrews, C. T., and Belf, M. D.: Lancet, 2, 131, 1931. 

2. Bartram, E. A.: J. Clin. Inve.st., 11, 1197, 1932. 

3. Batterman, R. C., DeGraff, A. C., and McCormack, J. E.: J. Am. Med. Assn., 114, 
1243, 1944. 

4. Batterman, R. C., DeGraff, A. G,, and Rose, O. A.: Am. Heart J., 21, 98, 1941. 

5. Batterman, R. C., DeGraff, A. C., and Schorr, H. M.: Am. Heart J., 31, 431, 1946 

6. Ben-Asher, S.: Ann. Int. Med., 25, 711, 1946. 

7. Binger, M. W„ and Keith, N. M.: J. Am. Med. Assn., 101, 2009, 1933. 

8. Bloom, N., and Cashon, G.; Virginia Med. Monthly, 62, 216, 1935. 

9. Blumgart, H. L., Gilligan, D. R., Levy, R. C., Brown, M. G., and Volk, .M. C.: Arcli 
Int. Med., 54, 40, 1934 

10. Blumgart, H. L., Gilligan, D. R., and Volk, M. C.: Action of Diuretic Drugs, Medical 
Papers dedicated to H. A. Christian, p. 191, Baltimore, Waverly Press, 1936. 

11. Borg, J. F.: Am. Heart J., 24, 397, 1942. 

12. Braun, H. A., Lusky, L. M., and Calvery, H. O.: J. Pharmacol, and E\p. I’herap 
.;Supp.), 87, 119, 1946. 

13. Brightman, I. J., and Batterman, R. C.: J. Lab. and Clin. Med., 25, 1038. 1940 

14. Brightman, I. J., and Lehman, R. A.: J. Lab. and Clin. Med., 25, 56, 1939. 

15. Brown, C. L., and Englebach, F.: Medical Papers dedicated to H. A. Christian, p. 239, 
Baltimore, Waverly Press, 1936. 

16. Grunn, F.: Wien. klin. Woch., 37, 901, 1924. 

17. Bryan, A. H., Evans, W. A., Jr,, Fulton, M. N., and Stead, E. A., Jr.: Arch. Int. .Med.. 
55 735 1935 

’ 18. Burmeister, W. H., and McNally, W. D.; J. Med. Res., 36, 87, 1917. 

19. Burrows, A., and Stokes, W.: Brit. Heart J., 7, 161, 1945. 

20. Cadbury, W. W.: Idiosyncrasy to Salyrgan, Medical Papers dedicated to H. A. Chri.s- 
tian, p. 259, Baltimore, Waverly Press, 1936. 

21. Caughey, J. L,, Jr.: J. Am. Med. Assn., 110, 1745, 1938. 

22. Chapman, D. W., and Shaffer, C. F.: Arch, Int. Med., 79, 449, 1947. 

23. Chapman, Nathaniel: Elements of Therapeutics, Philadelphia, H. C. Carey fic I. 
Lea, 1824. 

24. Chastain, L. L,, and Mackie, G. C.: South. Med. and Surg., 102, 5, 1940. 

25. Chenoweth, M. B., Modell, W., and Riker, W. F., Jr.: T. Pharmacol, and Exper. Therap 
(Supp.), 87, 6, 1946. 

26. Christian, H. A., and Bartram, E. A.: Assn. Am. Plivsicians, 47, 292, 1932. 

27. Cohn, E. J.: Ann. Int. Med., 26, 341, 1947. 

28. Crawford, J. H., and McDaniel, W. S.: Ann. Int. Med., 8. 1266. 1935. 

29. Crawford, J. H., and McIntosh, J. F.: T. Clin. Invest., 1, 333. 192.5. 

30. DeGraff, A. C., Batterman, R. C., and Lehman, R. A.: T. Pharmacol, and E\i)er. 
Then, 62, 26, 1938. 

31. DeGraff, A. C., Batterman, R. C,, Lehman, R. .A., and Yasuma. E.: Proc. Soc. E\n. Biol 
and Med., 39, 250, 1938. 

32. DeGraff, A. C., and Nadler. J. E.: J. -Am. .Med. Assn., 119, 1006. 1942. 

33. DeGraff, A. C.. Nadler, J. E., and Batterman, R. C.: Am. T. Med. Sci.. 191, 526. 1936. 

34. Dennig, H., Dill, D. B.. and Talbot, J. H.: Arch. f. E.xp. Path. u. Phannakol.. 144, 297. 
192Q. 

35. Derow, H. -A.: Acute Mercurv Poisoning Following the Use of SaI\Tgan (MersalvB, 
Medical P.apcrs dedicated to H. .A. Christian, p. 261, Baltimore, Waverly Press. 1936. 



PKOGHESS OF MEDICAX. SCIENCK 


lUS 

36. deVries, A.: Arcli. Int. Med., 78, 181, 1946. 

37. Dunglison, R.: General Therapeutics, Philadelphia, H. C. Carey & 1. Lea, and 
Blanchard, 1836. 

38. Earle, D. P., Jr., and Berliner, R. W.: Am. J. Physiol., 151, 215, 1947. 

39. Edwards, J. G.: Am. J. Path., 18, 1011, 1942. 

40. Etheridge, C. B., Myers, D, B., and Fulton, M.: The Modifying Effect of Various In- 
organic Salts on the Diuretic Action of Salyrgan, Medical Papers dedicated to H. A. Christian, 
p. 223, Baltimore, Waverly Press, 1936, 

41. Etheridge, C. B., Myers, D. B., and Fulton, M.: Arch. Int. Med., 57, 714, 1936. 

42. Evans, NV. A., Jr.: The Eltect of Changes in Salt and Water Metabolism Upon Salyrgan 
Dieuresis, Medical Papers dedicated to H. A. Christian, p. 204, Baltimore, Waverly Press, 1936. 

43. Evans, W., and Paxon, T.: Brit. Heart J., 3, 112, 1941. 

44. Ewell, j.; The Medical Companion, Philadelphia, Cowpertlwait & Co., 1852. 

45. Farah, A., and Maresh, G.; J. Pharmacol, and E.xp. Therap,, 92, 73, 1948. 

46. Fineberg, M. H.: Am. Heart J., 17, 494, 1939. 

47. Finkelstein, M. B., and Smyth, C. J.: J. Michigan Med. Soc., 45, 1618, 1946. 

48. Flexner, J.: Arm. Int. Med., 11, 1962, 1938. 

49. Foster, N. B.: Arch. Int, Med., IS, 754, 1915. 

50. Fo.x, T. T,, Gold, H., and Leon, J.: J. Am. Med. Assn., 119, 1497, 1942. 

51. Friedenson, M,: Arm. Int. Med., 20, 306, 1944. 

52. Fulton, M. N.: New England J. Med., 214, 1092, 1936. 

53. Fulton, M. N., and Bryan, A. H.: J. Lab, and Clin. Med., 20, 1252, 1935. 

54. Gamble, J. L., Blackfan, K. D., and Hamilton, B.: J. Clin. Invest., 1, 359, 1925. 

55. Gemmill, C. L., and Hellerman, L,: Am. J. Physiol., 120, 522, 1937. 

56. Gettler, A. O,, and Lehman, R. A.: Am. J. Clin. Path., Tech. Supp. 2, 161, 1938.* 

57. Gilbert, W. M., and Rice, J.: The London Practice of Physic, Dublin, 1793. 

58. Gilman, A:, Allen, R, P., Phipps, F, S., and St. John, E.: J. Clin, Invest., 25, 549, 1946. 

59. Ginsler, A. M.: Proc. Fed. Assn. Soc. E.xp. Biol., 5, 221, 1946. 

60. Gold, H,! J. Am. Med. Assn., 132, 547, 1946. 

61. Gold, H., ct aU New York State J. Med., 44, 280, 1944. 

62. Goodman, J. L, Corsaro, J. F.. and Stacy, R.: Arch. Int. Med., 70, 975, 1942. 

63. Goodman, L., and Gilman, A.; The Pharmacological Basis of Therapeutics, p. 639. 
New York, McMillan, 1941, 

64. Govaerts, P,: Compt. Ren. de Soc. Biol., 99, 647, 1928. 

65. Griggs, D. E., and Johns, V. J.: Influence of Mercurial Diuretics on the Excretion ol 
Sodium, Potassium and Clilorides, California Med., 69, 1, 1948. 

66. Handley, C. A., and LaForge, M.: Effects of Thiols on Mercurial Diuresis, Proc. Soc. 
Exp. Biol, and Med., 65, 74, 1947. 

67. Harmon, E. L.: Human Mercuric Chloride Poisoning by Intravenous Injection, Am. J. 
Padi., 4, 321, 1928. 

68. Harris, I. L., Lawrence, J. S., and Rubin, E. L.: Salyrgan and Ammonium Ciiloridc in 
Cardiac Oedema, Acta med, Scand,, S3, 2.3, 1934. 

69. Ilartl, K., cited by Thompson.^** 

70. Hayman, J. M., Jr.: Clinical Use of Diuretics, J. Am. Med. Assn., 107, 1937, 1936. 

71. ILayman, J. M., Jr., and Priestly, J. T.: .Ain. J. Med. Sci., 176, 510, 1928. 

72. Herrmann, C., Stone, C. T., and Schwab, E. H.: Tr. Assn. Am. Phvs., 47, 279, 1932, 

73. Higgins, W. H.: J. Am. Med. .Assn., 119, 1182, 1912. 

74. Hughes, W. L., Jr.: J. Am. Chem. Soc., 69, 1763, 10-17. 

75. Hughes, W. L., Jr.: Personal Communication. 

76. Jackson, D. E.: J. Pharmacol, and Exp. Tlierap., 29, -171, 1926. 

77. jemirassik, E.: D.ns Calomel alx Dinreticum, Dent. Arch. f. klin. .Med., Leip/., 38, 
109, 1SS.3. 

78. Johnston, R. L.; J. Lab. and Clin. Med.. 27, 30.3. 1941. 

79. Johnstone, B. I., and Keith, H. M.: .Arch. Int. Med., 42, 189, 1928 

50. Kaufman, R. E.: Ann. Int. Med., 28, 10-10. 19-18. 

51. Keith, N. M.: J. Am. Med. .Assn., 107, 20-17, 1936. 

.S2. Keith, N. M., Barrier, C. W., and Whelan, M.: J. .-Viu. Med. .Assn., 85, 799, 1925. 

52. Keith, N. M., .ind AViieian, M.: f. Clin. Investig., 3, 149, 1926. 

SI Kline, E. M.. .iiid Sesiuour, W. B.: .Am. J. Med. Sci., 20.3, 874. 19-12. 

Klinghoffer. K. .A.: lulern.it. Clin.. I, 221, 19-11. 

SO. Kolmer, J. .A.: Chernntlit r.ipv with Special Reference to Treatment of Ssphilis, Phil.e 
i!elph'..i. W ii. S umders. 1926. 



medicine 


109 


87. Kvvit, N. T., Modell, VV., Hanlon, L. W., Benton, J. G., Cotlove, W. E., Pearlmutter, M., 
Greenberg, M., Kramer, M. L., and Gold, H.; Proc. Am. Soc. E.xp. Biol., 7, 236, 1948. 

88. Leaman, W. G., Jr.; Clinics, 5, 3, 1946, 

89. Lehman, R. A.: Proc. Soc. E.vp. Biol, and Med., 64, 428, 1947. 

90. Lomholt, S.; Brit. J. Dermat., 32, 353, 1920. 

91. Long, W. K., and Farah, A.: Science, 104, 220, 1946. 

92. Long, W. K., and Farah, A. J.: J. Pharmacol, and E.\p. Therap., 88, 388, 1946. 

93. Longcope, W. T., and Luetscher, J. A., Jr.: J. Clin. Investigat., 25, 557, 1946. 

94. Lyons, R. H., Avery, N. L., Jr., and Jacobson, S. D.: Am. Heart J., 28, 247, 1944. 

95. MacIntyre, C. M.: Brit. Med. J., 2, 609, 1943. 

96. MacNider, W. de B.: J. E.xp. Med., 27, 519, 1918. 

97. Maresh, G., Jr., and Farah, A.: Proc. Federation Am. Soc. E.\p. Biol., 6, 354, 1947. 

98. Marshall, F. A.: J. Am. Med. Assn., 133, 1007, 1947. 

99. Maxwell, E. S., Scott, J. W., and Harvey, J.: J. Am. Med. Assn., 101, 2074, 1933. 

100. Melville, K. I., and Stehle, R. L.; J. Pharmacol, and E.xp. Therap., 34, 209, 1928. 

101. Menten, M. L.; J. Med. Research, 43, 315, 1922. 

102. Merrill, A. J.; Am. Pract., 2, 234, 1947. 

103. Modell, W.: Ann. Int. Med., 20, 265, 1944. 

104. Modell, W., Gold, H., and Clarke, D. A.: J. Pharmacol, and E.xp. Therap., 84, 284, 1945. 

105. Mouquin, Giroux, R., and Schmidl, S.; Paris med., 1, 457, 1927. 

106. Molnar, S.: Klin. Woch., 14, 239, 1935. 

107. New and NonolGcial Remedies, Philadelphia, J. B. Lippincott, i947. 

108. Newman, E. V.; Bull. Johns Hopkins Hosp., 81, 430, 1947. 

109. Norbury, F. G.: J. Lab. and Clin. Med., 23, 156, 1937. 

110. Noth, P. N.: Proc. Staff Meet., Mayo CHn., 12, 513, 1937. 

111. OetUe, A. G.; Brit. Med. J., 2, 530, 1947. 

112. Page, I. H.: J. Clin. Investig., 12, 737, 1933. 

113. Parkinson, J., and Thomson, W. A. R.; Lancet, 1, 16, 1936. 

114. Peters, R. A., Stocken, L. A., and Thompson, R. H. S.: Nature, 156, 616, 1945. 

115. Pines, I., Sanabria, A., and Hernandez Arriens, R. T.: Brit. Heart J., 6, 197, 1944. 

116. Poll, D., and Stem, J, E.: Arch. Int. Med., 58, 1087, 1936. 

117. Poll, D„ and Stem, J. E., Med. CUn. N. Amer., 21, 1873, 1937. 

118. Reaser, P. B., and Burch, G. E.: Proc. Soc. Exp. Biol, and Med., 63, 543, 1946. 

119. Reinecke, R. M., Rudolf, G. G., and Bryson, M.; Proc. Fed. Am. Soc. Exp. Biol., 6, 364, 

1947. 

120. Richards, A. N.: Tr. Assn. Am. Phys., 44, 64, 1929. 

121. Riker, W. F., Jr., and Rosenfeld, G.; J. Pharmacol, and E.xp. Therap. (Supp.), 87, 
72, 1946. 

122. Roby, C. C., and Pfeiffer, C.: Am. T. Physiol., 135, 591, 1942. 

123. Roxenthal. M.; Arch. Path., 15, 3.52. 1933. 

124. Salant. W.: T. Am. Med. Assn., 79, 2071, 1922. 

125. Saxl, P., and Heilig, R.: Wien. klin. Woch., 43, 943, 1920. 

126. Saxl, P., and Heilig, R.: Uder die Novasuroldiurese, Zeit. f. d. ges. e.xp. Med., 38, 94, 

1923. 

127. Schambere, T. F., Kolmer, J. A., and RaH.ss. G. W.: J. Cut. Dis., 33, 819, 1915. 

128. Schmitz, H. L.: T. Clin. Investitr., II. 1075, 1932. 

129. Schmitz. H. L.: T. Clin. Tnvesti<r., 12. 741. 1933. 

130. Serbv, A. M.: Arch. Tnt. Med., 38. 374, 1926. 

131. Smith, C.: T. Am. Med. Assn., 102. 532, 19-34. 

132. Sokolov, R. A.: Harper Hoso. Bull.. 5, 167, 1947. 

133. Sollman, T.: A Manual of Pharmacology, 6 ed., Philadelohia. W. B. Saunders, 1942. 

134. Sollman, T., and Schreiber, N. E.: Am. T. Physiol., 93. 689. 1930. 

135. Sollman, T., and Sclueiber, N. E.: Arch. Int. Med., 58, 1067, 1936. 

136. Sollman, T., Schreiber, N. E., and Cole, H. N.: Arch. Dermat. and Syph., 32, 1, 1935. 

137. Sprague. H. B., and Graybiel. A.: New England T. Med., 204, 154, 1931. 

138. Steuer, L. G., and Wolpaw, S. E.: J. Lab. and Clin. Med., 21, 298, 1935. 

139. Tarr, L., and Jacobson, S.: Arch. Int. Med., 50, 158, 1932. 

140. Taylor, F. H. L., and Young, A. G.: J, Pharmacol, and Exp. Therap., 38, 217, 1930. 

141. Thompson, W. A. R.: Quart. J. Med., 6, 321, 1937. 

142. Threefoot, S., Gibbons, T., and Burch, G. E.: Proc. Soc. Exp. Biol, and Med. 66 

369, 1947. ' 



IIU 


PROGRESS OF MEDICAL SCIENCE 


143. Threefoot, S. A., Ray, C. T., Burch, G, E., Cronvich, J. A., Milnor, J. P., Reaser, P. B., 
Overman, W., and Gordon, W.: Concentration time Course of a Radioactive Mercurial Diuretic 
in the Plasma of Man. In press. 

144. Tyson M. C.: J. Am. Med. Assn.. 117, 998, 1941. 

145. Volini, I. F., Levitt, R. O., and Campione, N. L.: Illmois Med. J., 84, 107, 1943. 

146. Volini, I, F., Levitt, R. O., and Marlin, R.: J. Am. Med. Assn., 128, 12, 1945. 

147. Waife, S. O., and Pratt, P. T.: Arch. Int. Med., 78, 42, 1946. 

148. Walker, A. M., Schmidt, C. F., Elsom, K. A., and Johnston, C. G.: Am. J. Physiol., 
118, 95, 1937. 

149. Waters, L. L., and Stock, C.: Science, 102, 601, 1945. . 

150. Wexler, J., and Ellis, L. B.: Am. Heart J., 27, 86, 1944. 

151. Wile, U. J., and Elliott, J. A.: J. Cut. Dis., 33, 594, 1917. 

152. Wiseman, J. R.: J. Am. Med. Assn., 99, 114, 1932. 

153. Wolff, L., and Sagall, E. S.: Arch. Int. Med., 81, 137, 1948. 

154. Young, A. G., and Taylor, F. H.: J. Biol. Chem., 84, 377, 1929. 


NOTICE AND INSTEDCTIONS TO CONTRIBUTORS 

M.VMjscniPTS intended for publication in The Amekic.vh Journal of the Medical Sciences, and 
correspondence, should be sent to the Editor, Db. Edward B. Krumbhaar, School of Medicine, Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Articles are accepted tor publication in The American 
Journal of the Medical Sciences exclusively, except in the case of subsequent publication in Society 
proceedings. 

MANUbCRiPTS should bo typewritten on one side of the paper only, and should be double spaced 
with liberal margins. The author's chief position and, when possible, the Department from which 
the work is produced should be indicated in the subtitle. Illustrations accompanying articles should 
bo numbered and have typed captions bearing corresponding numbers. For identification they should 
also liavo tho author’s name written on the margin or back. The recommendations of the American 
Medical jlssociation Stylo Book should bo followed. References should bo numbered and at tho 
end of the articles arranged alphabetically according to the name of the first author and should bo 
complete, that is, author's name, journal, volume, pago and year (in /Vrabic numbers). 

Return Postage should accompany all manuscripts but will bo returned to tho author if the manu- 
script is accepted. 

Until tho paper stringency is over ISO Rei'UInts will be supplied gratis. Covers will bo omitted on 
all .articles. Orders of additional reprints will tie supplieit in multiples of 150. 



NEUROLOGY AND PSYCHIATRY 

UNDER THE CHARGE OF 

Fbanklin G. Ebaugh, M.D. 

PROFESSOR OF PSYCHIATRY, UNIVERSITY OF COLORADO SCHOOL OF MEDICINE 

DENVER, COLORADO 

AND 

Edward G. Billings, M.D. 

ASSOCIATE PROFESSOR OF PSYCHIATRY, UNIVERSITY OF COLORADO SCHOOL OF MEDICINE 

DENVER, COLORADO 


RELIGION AND PSYCHIATRY 
By Frank R. Drake,- M.D. 

DENVER, COLORADO 


For many centuries religion and 
medicine were so closely related that 
temples were not only religious altars 
but also healing shrines.^® The religious 
mentor was also the physician."^-^^ 
However, with the development of 
science, medicine and religion assumed 
distinctive roles in society. Reli- 
gion must concern itself primarily with 
the goals and values of life, whereas 
science concerns itself primarily with 
the facts and means of life.^® The sick 
room is rightfully considered the do- 
main of both physician and minister, 
as each is equally interested in the wel- 
fare of the individual. Psychiatry is a 
branch of medicine and is not a phi- 
losophy of life.-’^ The goals' of religion 
and psychiatry are very similar in many 
areas.®'-^ Both recognize the family as 
a powerful influence on a child’s de- 
velopment and ultimate social adjust- 
ment.” Both share the common aim of 
human betterment.^^ Both rejoice when 
the individual adopts a healthy and/ 
happy philosophy of life and is able to 
be tolerant of the shortcomings of 
others.-®-”'^ 

Religion is, without a doubt, one of 
the chief supports in the emotional 
adjustment of the vast majority of peo- 
ple. It is a source of comfort, reassur- 
ance and hope.^- From the scientific 
standpoint alone, a healthy accept- 


ance of religion is a major factor of 
good mental hygiene. During World 
War II, psychiatrists and chaplains, as 
staff ojfficers, often found themselves 
working on similar problems, especially 
those relating to morale, combat ef- 
ficiency of troops, and so on. It was 
found, for example, that a firm abiding 
faith in God was a strong bulwark 
against the development of severe in- 
capacitating combat-induced anxiety in 
many men.^'^^’®- It was a common phe- 
nomenon in amphibious combat units 
for attendance at religious services to 
increase markedly as the fateful “D- 
Day” approached. 

The past few years have seen an in- 
creasing interest in and utilization of 
the principles of dynamic psychology 
by clergymen. Rabbi Joshua L. Lieb- 
man,-'^ in his excellent book, “Peace of 
Mind,” states that ‘Tsychology must 
not be viewed as a competitor of reli- 
gion, any more than the science of op- 
tics should be regarded as a competitor 
of normal vision. The fact that the 
sanctuary has its unique contribution to 
make to the world does not mean that 
it should refuse the helpful hand of a 
great ally— tlie psychological clinic.” 
John S. Bonnell,^ in his recent book, 
‘Tsychology for Pastor and People,” 
states that “It will be of inestimable 
gain to the Christian Church when 
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highly-trained pastors are available in 
all parts of the nation: men who have 
not only a thorough grounding in psy- 
chology and in the basic principles of 
psychiatry but in addition a clinical or 
hospital training.” Many theological 
schools do arrange for “internships" for 
their students in psychiatric hospitals.'*- 
The Federal Council of Churches of 
Christ in America has taken active lead- 
ersliip in presenting mental hygiene to 
clergymen in special conferences.^^ 
Ministers who have had the opportu- 
nity of working with psychiatrists have 
given abundant written testimony of 
their e.xperiences. For example, one 
clergyman^ asserts that “The harmoni- 
ous interrelationships of ministers and 
medical men can best be achieved when 
both realize that, while each has a dis- 
tinct function to fulfill, their ministra- 
tions overlap, and the effectiveness of 
each is enhanced by working in har- 
mony witli the other.”^® Carrol A. 
Wise^^ says that it is “unfortunate for 
all concerned— for clergymen to step 
outside their distinctive role and to 
assume the role of psychiatrist.” Life is 
too short and the problems of religion 
and psychiatry are too large for anyone 
to become sufficiently e.xpert in both 
fields to handle the enMre problem.*® 
Many other clergymen of wide e.xperi- 
ence have likewise appe;iled for con- 
tinued and even increased coordination 
with the science of psychiatry, for the 
benefit of mankind.®’*®-®*'®'-'** 

Psychiatrists, in their turn, have be- 
come increasingly cognizant of the 
personality-stabilizing capabilities of 
religion It is just as impor- 

tant for the psychiatrist to be religiously 
oriented as it is for the clergyman to 
be pivchologically oriented. Of more 
than historical significance was the 
unanimously approved statement of 100 
members of the Group for the Ad- 
s.mcemcnt of Psychiatry at .\Jinneapo- 
lis on July 2. The statement, in 

p.irt, was that “'Hie methods of psychi- 


atry aim to help patients achieve health 
in their emotional lives so that they 
may live in harmony with society and 
with its standards. We believe that 
there is no conflict between psychiatry 
and religion. In the practice of his pro- 
fession, the competent psychiatrist will 
therefore always be guided by this be- 
lief.” There is nothing in the known 
structure of the psychic apparatus that 
a true believer and religious thinker 
cannot accept.'*® Religion cannot be 
measured by weighing its psychological 
components. Religion has a universality 
that attests its essentiality to human 
welfare.'*® There is a general personal 
psychological need for an object greater 
than self to which to give homage or to 
acknowledge superiority or indebted- 
ness. In proportion to the degree to 
which psychiatry promotes harmonious 
adjustment to the social environment, 
it may be regarded as supplementing 
the spiritual values of life. 

F. G. Ebaugh,*® in his teaching of 
medical students and staff physicians, 
has always emphasized the importance 
of proper religious training in the de- 
velopment of stable and well-integrated 
personalities. To further the coopera- 
tion and freedom from prejudice of re- 
ligion and psychiatry, he has included 
in his training program for psychiatric 
resident physicians a series of lectures 
by outstanding religious leaders of all 
denominations. Clergymen of all faiths 
and creeds have always felt free to in- 
quire into the medical condition of 
members of their congregations who 
were receiving treatment at the Colo- 
rado Psychopathic Hospital. This “nib- 
bing elbows" at the patient level is 
conducive to mutual understanding 
among ministers and psychiatrists. 
Likewise, practically all standardized 
theological schools offer one or more 
courses pertaining to tlie psychology 
of religion.® 

This paper discusses only those pa- 
tients who are ill enough to be hos- 
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pitali2ed, and leaves untouched, lor the 
most part, that much larger group or 
out-patients who are only partially 
incapacitated by neuroses and other 
maladjustments. Ihe following case 
histories of patients admitted to Colo- 
rado Psychopathic Hospital are pre- 
sented only in sufficient detail to 
demonstrate the value of and the ne- 
cessity for cooperation between religion 
and psychiatry: 

Clinical Notes: Case 1. R. H. W., a 17 year 
old white boy, was admitted to the hospital 
on July 17, 1948, because ot repeated suicidal 
gestures over a 5 month period. The history 
revealed that he had been almost totally deat 
since the age of 3 and had suffered from 
deep feelings of inadequacy and frustration 
because of this handicap. He had spent a 
great deal of time day-dreaming of becoming 
a famous singer and pianist. He expressed 
extreme hostility and resentment toward his 
father for “always trying to keep me down, 
beating me with a hair brush and wishing 
that I were dead. He bought me bicycles and 
things, but he never really loved me.” He 
had told his family that he would kill himself 
if they did not furm’sh him with the financial 
means for a college education as well as for 
vocal and piano lessons. His family could not 
afford this e.xpense. His fatlier had apparent- 
ly always interpreted his son’s slightest mis- 
behavior as a serious threat against paternal 
authority, ^ iiting immediate and severe 
punishment. (If a child feels that he is ac- 
cepted by his parents, he can usually adjust 
to life in spite of physical handicaps.) 

Early in his treatment it was discovered 
that he had been an active and accepted 
member of a local church and had enjoyed 
almost a father-son relationship with the 
minister for many months. His minister was 
contacted, appraised of the boy’s condition 
and emotional needs, and invited to visit the 
patient at frequent intervals. The minister 
adopted a non-punitive and permissive atti- 
tude with the patient and continued his pre- 
vious role of the “kindly father figure.” This 
attitude was a very valuable part of tlie "total 
push tlierapy” and helped the patient to 
plan for and accept a future consistent with 
liis handicaps and resources. 

Case 2. A. M., a 41 year old white married 
woman, was admitted to the hospital on 
September 13, 1948, because of “alcoholism” 
of short duration. She immediately volun- 
teered tlie information that she and her hus- 
band had had a serious quarrel and that she 


desired to leave the hospital as soon as she 
was deemed to be in proper physical condition 
“so that I can talk things over with the 
priest. ' Within a few days, she was discharged 
trom tlie hospital. Since tliat time she 
has been able to adjust to the reahties of 
hving, witliout further resort to alcohol. 

This is an example of an acute emo- 
tional crisis in a fairly stable individual. 
Such cases often respond successfully 
to the psychiatric first aid administered 
by a psychologically-oriented clergy- 
man.^^ 

Case 3. M.M., a 48 year old white married 
woman, was admitted to tlie hospital on Oc- 
tober 10, 1947, because of bizarre activity and 
unprovoked “laughing spells” of several days’ 
duration. The patient could contribute no m- 
formation as to the length of her illness be- 
cause of the nature of her psychosis. Her 
family, likewise, were of no help in this re- 
spect. Her minister said that 6 months pre- 
viously she had suddenly changed from an 
individual who attended church services ir- 
regularly to one who spent most of her time 
in ardent religious activities, for no apparent 
reason. This information was an aid in the 
proper evaluation of the patient. 

It is well-recognized that sudden ex- 
cessive interest in religion may be a 
sign of beginning schizophrenia. This 
is of course not meant as a reflection 
on normal religious zeal. 

Case 4. M.A., a 43 year old white divorcee, 
was brought into the hospital by her minister 
on June 21, 1948. The minister said, “For 
the last few days she has been telling me 
that she is the meanest person who ever 
lived. Today she threatened to kill herself. So 
I brought her in.” 

The patient was suffering from a severe 
psychotic depression, which was based on the 
introjection of an almost unbelievable 
amount of hostility and resentment. Manv 
weeks of electroshock therapy and psycho- 
theraov were required before she was well 
enough to return to society. 

Case 5. R. O., a 34 year old white married 
woman, was admitted to the hospital on De- 
cember 11, 1947, because of extreme “nerv- 
ousness,” depression, fear of insanity and fear 
that she was dying. She showed the physical 
findings of severe acute amnety, namely, la- 
bored breatliing, profuse perspiration, fre- 
quency of urination, dilated pupils, a very 
rapid pulse (158 per minute), and general- 
ized tremors. Her condition was due to a 
combination of factors which included guilt 

O 
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feelings over an attempted self-mduced abor- 
tion, and deep-seated anger and resentment 
against her husband for having impregnated 
her. 

This case is cited merely as an ex- 
ample of the type of patient who prob- 
ably should not even be visited by a 
clergyman until she has “cooled off” 
somewhat. For, regardless of the tech- 
nique that he uses, he symbolizes the 
ideals and conscience of humanity. The 
end result might be a suicidal attempt 
by tire patient or other marked aggra- 
vation of symptomatology. 

Case 6. V. C., 40 year old smgle white 
man, was admitted to the hospital for ob- 
servation on October 3, 1947. Several days 
pnor to admission he was arrested by the 
local police for handling a small boy’s geni- 
taha. He had engaged in similar activities 
with boys since adolescence. His past history 
revealcu the fact that a httle girl had erposed 
herself to lus view when he was sl\ (6) years 
old. In some way or other his mother found 
out about tlie episode, and warned him that 
if he ever did it agam she would cut off his 
st'vual organ with a butcher knife. “It scared 
me to death when she said that, I'll never 
forget it." He had absolutely no interest in 
the opposite sev. 

This type of patient can be very 
dangerous, especially if his aberrant 
compulsion is combined with alcohol- 
ism. Ilis mother undoubtedly at least 
contributed to his deviant urges by her 
threat. This unfortunate threat was 
made at an age when it is normal for 
a small boy to develop an intense 
evaluation of his sevual organ and an 
equallv intense fear of losing it.‘" It is 
prob.ible that his first view of female 
genitalia intensified his fear of castra- 
tion and made him more susceptible to 
the actual physical threat by his mother 
which followed shortly thereafter. For 
liere, he s.iw a person without a male 
sevual org.m. Many small boys do not 
know that there is a difference between 
the sevual organs of the male and fe- 
male The nnconscious expectation of 
v.istr.ition. if he should ever dispLay 
interest in women, apparently played a 
role in the pathological deviation of his 
unpu!\ts. 


Cases such as this deserve the atten- 
tion of religion, psychiatry, and all 
otiier groups which are coucemed with 
the emotional health of the individual. 
Similarly, it is very common for adults 
to threaten to “cut off’ the sexual organ 
of a son who has been observed mas- 
turbating. A tremendous amount of 
emotional illness of variable degree 
may result from such ill-advised threats. 

Case 7. M. E., a 22 year old white married 
woman, was brought mto the hospital by her 
husband on February 27, 1948, because of 
frequent crymg spells, confusion, and a “feel- 
ing that something is gomg to happen to me. ’ 
Evaminaboa revealed that the patient was 
suffering from schizophrema.'S 

Her history revealed a life-long series ol 
failures to adapt to her environment. Cou- 
pled with this was gross mishandlmg and mis- 
understandmg at the hands of those respon- 
sible for her emobonal health, namely, her 
parents, teachers, ministers and at least one 
physician. She was the oldest of 7 children. 
“When I was m the first grade another little 
irl told my teacher that I had cussed her 
the teacher) out and tlie teacher told me 
that 1 needed more religion. I cried about it 
for days, even in school. I felt bad about it 
for a year." Obviously, the remark by the 
teacher was evtremely traumatic. “I was sure 
a nervous child. I failed the first grade be- 
cause my teacher was cross and picked on 
me all the time. At recess I wouldn’t go back 
in. The teacher was always b-iwlmg me out 
or puthng me m a comer or making me stay 
after school. I was mean. I had quite a few 
mghbn.irts from my seventli to my fifteenth 
vear. They were usually of falling into a pit 
.'nd falhng hard. Dad would hit me hard and 
then ask my forgiveness. I vvould never for- 
give him and had a lot of hard feelings 
.igainst him. He licked me until I was 17 
vears old." It is apparent that no one made a 
serious effort to determine the cause-s of her 
•mxiety, feelings of insecurity, or resent- 
ments,-^ Instead, she was regarded as “bad" 
.ind was subjected to the "mailed fist” type* 
of treatment throughout her childhood and 
adolescence. “When I was about 11 years 
old I st.irted having trouble concentrating 
The theory of evolution upset and depressed 
me I searched every book I could get for 
infonnation on it. I was looking for aigu- 
mtnls in favor of tlie Bible as 1 had j’oincd 

the Chutch when I was 12 ye.its old. I 

flit a tlarknivs coming about me, I told my 
tiachirs that I didn’t believe in evolution 
ind they gave me the ditkeuv " .\dokseent 
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conflicts deserve the study of educators in 
all fields.*^'!® “The first time I really lost my 
mind was when I was 17 years old, at- 
tending the Theological School, which is 

run by the Church. I dreamed that I was 

married to the Superintendent’s son and then 
felt that I was really married to this boy for 
several months. I really hadn’t even been out 
with him. I wondered why I didn’t see him 
every night. Electricity or something must 
have been influencing me in some way or 
other then. When I told the superintendent, 
he bawled me out and then later took me to 
the doctor. The doctor told me I was merely 
overse.\ed and should get married.” 

The patient’s description of her own 
acute schizophrenic episode shows 
that she was unacquainted with the 
fact that a surge of feeling for the op- 
posite sex is normal in adolescence.^® 
Instead, she attributed her feelings to 
“electricity or sometliing.” Sex instruc- 
tion should be begun comparatively 
early in childhood in a degree suitable 
to the age of the child,®® and should 
be continuous and progressive in order 
to insure that emotional growth keeps 
abreast of physical and intellectual 
capabilities.'^® 

Summary. 1. Religious leaders and 
psychiatrists have become increasingly 
aware of what each field has to oflFer 
the other. 

2. Pertinent notes from the case his- 
tories of 5 patients admitted to Colo- 
rado Psychopathic Hospital are pre- 
sented and discussed to illustrate a few 
actual examples of how clergymen and 
psychiatrists have cooperated, to the 
benefit of the patient. The pastor and 


priest deal entirely with conscious ma- 
terial.®^ The psychiatrist begins with 
conscious material, but, in addition, at- 
tempts to find the unconscious sources 
of inner conflict.^'®^’®® 

3. One case was presented to illus- 
trate how a parent can be a factor in a 
son’s development of a potentially dan- 
gerous type of sexual perversion by 
threatening the child for showing evi- 
dence of normal sexuality. A child 
should be given wholesome instruction 
on sexual matters consistent with his 
age at appropriate periods. Time and 
space did not allow a discussion in this 
paper of the enormity of the problem 
of sexual maladjustment, which is due 
in part to the persistent emphasis of 
our culture on the “filthiness” of 
sex.”®*®®'®® 

4. One case was presented to illus- 
trate how an individual’s anxieties, 
feelings of insecurity and resentments 
were grossly misunderstood and mis- 
handled by all those responsible for her 
guidance to emotional maturity. 

5. No attempt was made in this re- 
view to present an exact division of 
responsibility of religion and psychi- 
atry for mental hygiene. Such an at- 
tempt would be incomplete, as there is 
obvious overlapping in some areas, and 
too little definitive research has been 
done on the subject. It has been well 
stated'^'* that the role of the clergyman 
in mental hygiene is primarily in the 
field of prevention, rather than in the 
pi'ovince of cure. 
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Atlas of Bacteriology. By R. Cranston 
Low, M.D., F.R.C.P.E., F.R.S.E., Univ. of 
Edinburgh, and T. C. Dodds, F.I.M.L.T. 
168 ills., 167 in color. Balt.: Williams & 
Wilkins, 1947. Price, $8.50. 

The need has long existed for an atlas of 
this type. The usual black and white illustra- 
tions seen in textbooks of bacteriology are 
poor substitutes for color reproductions of 
microorganisms. This atlas consists almost en- 
tirely of well chosen, accurate color plates 
illustrating the microscopic appearance of 
organisms in both body secretions and in cul- 
ture, as well as the appearance of tissue sec- 
tions, individual colonies, and agar slants. In 
addition to the pathogenic bacteria, spiroche- 
tes, fungi, protozoa, and viruses are included. 

The reviewer highly recommends this at- 
las, to both the student and the clinical path- 
ologist. A. R. 


Studies on the Formation of Cellular 
Substances During Blood Cell Produc- 
tion. By Bo Thorell, Karolinska Institute, 
Stockholm. Pp. 120; 58 ills. London: Henry 
Kimpton, 1947. Price, 12 shillings, net. 

This research publication gives quantita- 
tive data on the nucleoprotein content of 
erythroid and myeloid cells in various 
stages of hematopoiesis. A full discussion 
of the ultraviolet absorption technique is in- 
cluded. It was found that nucleoprotein 
content parallels cell growth and decreases 
witli differentiation. Studies were also made 
on blood cells in various hematological dis- 
orders. I. Z. 


Private Enterpiuse or Government in 
Medicine. By Louis Hopewell Bauer, 
M.D., F.A.C.P., Diplomate, American Board 
of Internal Medicine. Pp. 201. Springfield, 
111.: Charles C Thomas, 1947. Price, $5.00. 

By comparing the experience of Euro- 
pean compulsory health programs, and 
carefully analyzing tlie implications of va- 
rious proposed Congressional bills, the au- 
thor contends that Federal encroaclunent 
into medicine will be deleterious. The sub- 
stance of tlie several bills and the aims of 
the American Medical .Association are also 
included. Altliough - at times the analysis 
seems not impartial, this book lucidly sum- 
marizes botli views. G. R. 


Diseases of the Ear, .Nose and Throat. By 
William Wallace Morrison, M.D., Prof, 
of Otolaryngology, New York Polychnic 
Medical School and Plospital. Pp. 772; 359 
ills. New York: Appleton-Century-Crofts, 
1948. Price, $8.50. 

Originally published under a different 
title this book is now reissued in a completely 
revised edition. Many antiquated ideas have 
been discarded and the modem otolaryngo- 
logic viewpoint incorporated in 44 well as- 
sembled, clearly e.xpressed chapters. Although 
certain physiologic fundamentals are de- 
scribed, the autlior fails to discuss nasal pH 
and its relationship to nasal medication. 

This book has been written entirely for 
tlie undergraduate medical student and the 
general practitioner. The illustrations have 
been drawn by the author and are of the 
schematic-diagrammatic type; they are largely 
amplified forms of chalk drawings used to il- 
lustrate lectures as visual aids to “step-by- 
step” instruction in class-rooms. In their 
proper environment tlie illustrations are un- 
questionably very effective; as represented in 
the 359 illustrations, many of them are in- 
adequate and perhaps confusing substitutes 
for more polished art-work. Precisely because 
the text is directed to non-specialists, it is dif- 
ficult to understand why the author has gone 
to such great lengtlis to illustrate the technic 
of radical mastoidectomy; radiography in the 
diagnosis of paranasal sinus disease; technic 
of the intranasal exenteration of the ethmoid 
cells; technic of the various intranasal and 
external sinus operations; and the technic of 
laryngofissure and laryngectomy. Especially 
ineffective are the mirror views of acute 
simple laryngitis, acute subglottic laryngitis, 
acute membranous laryngitis in diphtheria, 
atrophic laryngitis, contact ulcer and leuko- 
keratosis of the laryn.x— to name an important 
few. 

Despite some of its pictorial limitations, the 
revised work is a welcome contribution to 
the American otolaryngologic literature. 

N. F. 


The Epithelia of Woxlvn’s Reproductive 
Organs. By George N. P.vp.vntcol.\ou, 
M.D., Herbert F. Trvut, M.D., and .\n- 
DREW A. M.VRCHETTI, M.D. Pp. 53; 22 ills. 
New York; The Commonwealth Fund, 
1948. Price, $10.00. 
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NEW BOOKS 

Nursing [or the Future. By Esther Lucile 
Brown, Ph.D. Pp. 198. New York; Bussell 
Sage Foundation, 1948. Price, $2.00. 

Woman’s Medical Problems. By Maxine 
Davis. Pp. 242. I\ew York: McGraw- 
Hill, 1948. Price, $3.00. 

Pathology. Edited by W. A. D. Anderson, 
M.A., M.D., F.A.C.P., Professor of Pathol- 
ogy and Bacteriology, Marquette Univ. 
Scnool of Medicine. Bp. 1453; 1183 ills, 10 
color plates. St. Louis: G. V. Mosby, 1948. 
Price, $15.00. 

Man-Made Plague. By William G. Nieder- 
LAND, M.D., Formerly Professor of Medical 
Psychology and Philosophy, University of 
Tampa. Pp. 304. New York: Renbayle 
House, 1948. Price $3.50. 

Die Organisation des Vegetativen Neroen- 
Sijstems. By W. R. Hess, Prof, der 
Physiologic, Univ. Zurich. Pp. 226; 80 ills. 
Basel: Benno Schwabe; New York: Grune 
& Stratton, 1948. Price, $5.60. 

The Rh' Blood Croups and Their Clinical 
Effects, By P. L. Mollison, A. E. Mou- 
RANT, and R. R. Race. Medical Research 
Council, Memorandum 19. Pp. 74. London; 
His Majesty’s Stationery Office, 1948. Price, 
Is. 6d. net. 

Annual Reoiew of Biochemistry. Vol. XVII. 
Edited by J. Murray Luck, Hubert S. 
Lohing, and Gordon Mackinney. Pp. 
801. Stanford, Cal.: Annual Reviews, Inc., 
1948. Price, $6.00. 

This latest volume of a valuable series 
maintains the purpose and high standards 
set by the earlier volumes. Twenty-seven 
separate topics have been contributed by 
e.vperts in their respective fields. 

Besides such usual subjects as “Biological 
O.xidations and Reductions’’, “Carbo- 
hydrate Metabolism’’, “Lipid Metabo- 
lism”, and “The Vitamins”, the present 
volume contains good reviews on less 
freouently treated phases such as Non- 
o.xidative Enzymes (J. B. Sumner), 
Chemistry of the Immunonolysaccharides 
(W. N. Haworth and M. Stacev), X-rav 
Crystallographic Studies (D. Crowfoot). 
Photosynthesis (E. C. Was.sink), and 
Bacterial Metabolism (I. C. Cun.salus). Of 
perhaps more pertinent clinical interest 
are reviews on The Metabolism of Dniss 
.md To.vic Substances (O. Bodan.sky), 
Clinical Aspects of Vitamins (T. D. Spies), 
The Biochemistry of Carcinogenesis (H. 


P. Rusch and C. A. LePage), and The 
Chemistry of Penicillin (E. Chain). 

D. D. 

Edinburgh Post-Graduate Lectures in Medi- 
cine. Vol. IV Edited by the Honym,vn 
Gillespie Committee. Pp. 579. Edin- 
burgh; Oliver & Boyd, Ltd., 1948. Price, 
18s. net. 

“The lectures which comprise this 
volume have been delivered and published 
under a grant received by the E.xecutive 
Committee of the Edinburgh Post- 
Graduate Courses. . . . The present series of 
lectures, given during the later stages of 
the war and immediately after it, deal 
largely with the wartime e.xperienccs and 
activities of tlie lecturers.” 

Pediatrics and the Emotional Needs of the 
Child. Edited by Helen L. Witmer. Pp. 
180; 16 ills. New York: The Common- 
wealth Fund, 1948. Price, $1.50. 

This book contains the opinions of 
pediatricians, psychiatrists, and social 
workers who had been assembled by the 
Commonwealth Fund to clarify the posi- 
tion and responsibilities of the pediatrician 
in the treatment of the “child as a whole”. 
The discussion topics include the following: 
emotional growth and development of the 
child; mental health and the pediatrician: 
programs and problems in the teaching of 
pediatrics and mental health; integrative 
efforts of the pediatrician, child psychia- 
trist and social worker. G. R. 

Advances in Protein Chemistry. Vol IV. 
Edited by M. L. Anson, Continental 
Foods, Hoboken, and John T. Edsall. 
Harvard Medical School. Pp. 575; 13 ills. 
New York: Academic Press, 1948. Price, 
$8.50. 

This 4th annual volume conrinues the 
fine record of earlier years bv presenting 
critical reviews of selected subjects in the 
chemistry of proteins and amino acids. The 
current topics reviewed and their authors 
are: Protein Gels, J. D. Ferrv: The Inter- 
action of Proteins and Svnthetic Deter- 
gents, F. W. Putnam; Proteins of Patho- 
imnic Bacteria, A. M. Papnenheimer, Jr,; 
The Plasma Proteins in Disease, A, B. 
Cuhnan; Preparative Electrophoresis and 
loniphoresis, H, Svenson; Stereochemistn' 
of Amino .Acids, A. Neuberger; X-rav 
‘Studies of Amino Acids and Peph'des, 
R. B, Corey: and Heme Proteins, J. 
AVvTnan. Jr. 

Investigators in many fields wall find 
.something of interest and value in these 
ren'ews. H, V. 
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BOOK REVIEWS AND NOTICES 


NEW EDlTIOxXS 

DlihASh.S OF THE SkLN'. By OLIVER S. OhMS- 
uv, M.D., Rush Prof, of Dermatology Emer- 
itus, Univ. of Illinois, and H.\milton Mont- 
COMERY, M.D., M.S., Ass’t Prof, of Der- 
matology and Syphilology, Mayo Founda- 
tion, Univ. of .Minnesota. 7th ed. Pp. 1465; 
761 ilL., 18 m color. Phila.: Lea & Febi- 
ger, 1918. Price. $18.00. 

The co-authorsliip begun in the 6th Edition 
of this text has now produced a revised vol- 
ume which fulfills the liighest expectations of 
the reader. .\ot only has the previous high 
quality of this work been continued, but va- 
rious nnprovenients have been achieved. 
Without materially incre.ising tlie size (by 
100 pages) the 7th Edition contains more 
tli.in 100 new black and white illustrations 
and 11 new color-illustrations. A number of 
dise.ises not previously included have been 
.idded and many sections have been thor- 
oughly revised with the aid of contributing 
experts. .Vmong the revised parts particularly 
worthy of note arc Tropical Diseases, Syph- 
ilis, Chemistry and Physiology of the Skin, 
Peripheral Vascular Diseases, and .Mycology. 

.\side from minor defects in form, the re- 
viewer has httle to criticize in this book. This 
edition insures it the position of leader in its 
field. H. B. 

.\ii Index of Treatment. Edited by Sin Rou- 
nii llL-rciiiso.v, Bt., M.D., LL.D., F.R.C.P. 
London Hospital, .\ssisted by Reclvald 
lIiLrov, .M.D., F.R.C.P., Wemblev Ho.- 
pital. 1.3th ed. Pp. 972; 99 figs. Balt.: Wil- 
h.ims ic Wilkins, 1918. Priee,'$17.00. 

Tracttce of Allen^ij. By W viirev T. V.vlcilvn. 
.M.D. Revised by j. Hvnvi.x Blvck, .M.D. 
2d ed. Pp. 1132; 3.3.3 ills. St. Louis: C. V 
Mosby, 1918. Price, $n0O. 

rexthiok of Dtct<.lic3. By L. .S. P. Dvvin- 
sos. M.D , Prof, of Medieiiie .iiid Clinie.il 
Metiicme-, L’lnv. of Edinburgh, and 1 vn .\ 
.Vmursos, .M B F.. li Se , Leeturer in Cliii- 
ual Cl.uuivlry, Univ. of .Mierdeeii. 2el ed 
17. .Vtw York. P.iul B. Iloebcr, 19 IS. 
lO tX). 

.1 o/ C'hniLi.l rln.tap\.uiiC3. By Wim>- 
rti'.i,. .M.D, Prof, of 'lhir,*p<.u- 
fii Cniv. Sebool ol Midictiic. 

712. ,0 lib. Philadelphia ami 
“ Saiu.dir-.. 19 IS. Price, 

I r..et.eally cverv 
phys.i-ian will 
; re; fi ite tiru.;! 

1..I .. iL' t. iiun- 

,' e.’.rt , -uj e»- 


sential for proper manageinent of medical 
patients. It also includes a large number of 
useful tables and other information in the 
Appendix Sections. It should prove very 
useful for interns and general practitioners. 

H. H. 

Textbook of Embryology. By H.xrvex Ernes r 
Jordan', Ph.D., Sc.D., Prof, of Anatomy, 
and James Ernest Kindred, Ph.D., Prof, 
of Anatomy, Univ. of Virginia. 5th ed. Pp. 
613; 31 ills. New York: D. Appleton-Cen- 
tury, 1948. Price, $7.50. 

Tins well-written text should satisfy the 
needs of botli physician and student. The 
recent investigations on 7 to 11 day old hu- 
man embryos are well summarized, although 
the hormonal control of pregnancy and 
menstruation is slighted. Ontogenesis is un- 
folded in an easily understandable manner. 
Each chapter summarizes pertinent experi- 
mental data and lists some common anom- 
alies. G. R. 

Gynecological and Obstetrical Anatomy. By 
S. P. V. SxiouT, M.D., M.R.C.S., Univ. of 
Binninghain. 2cl. ed. Pp. 248; 185 ills., 
many in color. Balt.: Williams & -Wilkins, 
1948. Price, $11.00. 

Tins little handbook of .Vnatoiny is well 
prepared. It Is limited to one particular re- 
gion, combining gross and microscopic fea- 
tures of that region. It is well illustrated 
with many dniwings, some photograplis and 
photomicrographs, and a number of color 
plates. The amount of color in the book un- 
doubtedly accounts for the extraordinarily 
high price for so small a volume. W. W. 

Manual of Veterinary Bacteriology. By R.vx- 
'ioM> Ki.i SLR, D.Vh.M., .\..M., Ph.D., 
and IIvRRV W. SciiOE.siNC, V.M.D. 5th ed 
Pp. 767; 99 ills. B.ilt.: Willi.uns c'x Wilkins, 
19 18. Price, $6.50. 

The text contains preliminary sections on 
hacle-riologic cl.issification, morphology, .ind 
methods, followed by brief pertinent dis- 
cussions of bacterial variation and infci- 
tion and immunity. .Vs the viti-rin.iry bacte- 
riologist must often he re-sponsiiih- for v.i- 
noils ihagnostic laboratory procedures, sic- 
tioiis on protozoa, filtrable- viruses .ind 
ricletfsue-, serologv, heiu.ituhgs , .ind the 
pre[uration of veterinary hiologie.il prml- 
iicls are aLo ineludi d. '1 he- original illus- 
fr.itioiu contribute gre.itly to the unih r- 
staneling of theoretical concepts. 'Ihis re- 
vised eelition will be Welcomed not onK 
bv tl.i- vetirinary profession but abo In 
ail v.i.o .iri- interested in tlie- [j itl.ogi n- si« 
of intectioui tiii<aj<r in anm. ib R. S. 
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During world war II a peculiar rise 
in the frequency of thyrotoxicosis was 
observed in Denmark under the Ger- 
man occupation in 1941 to 1945. The 
rise began in 1941, all over the coun- 
try, and reached its maximum in 1944. 
A preliminary report of this phenome- 
non was given in 1943 by Meiilen- 
gracht*, who described the rise in the 
occurrence of thyrotoxicosis on the 
basis of cases admitted to his own de- 
partment (Dept, B., Bispebjerg Hos- 
pital, Copenhagen). Now, in 1948, the 
pre-war level has again been reached. 
The rise was abrupt and high, of tran- 
sitory or, so to speak, of “epidemic” 
character and its cause was so obscure, 
that it seemed worth analyzing in de- 
tail. 

A question of particular interest for 
the present work is whether variations 
in the thyrotoxic morbidity ha\'e been 
seen before, esjDecially during the war 
of 1914 to 1918. On this point, opin- 
ions are rather divergent. Still, a num- 
ber of fairly well substantiated reports 
are available, showing that in Germany 
and Finland the incidence of thyro- 
toxicosis decreased considerably dur- 
ing the war of 1914-1918 and in the 
first )'ears thereafter. Further, a rise 
in the frequency of thyrotoxicosis like 


the one observed here in Denmai'k has 
been recorded only once before, name- 
ly; in Olmstead Gounty, Minnesota, 
during the years 1924 to 1927. This 
“epidemic” rise has been described by 
Plummer^ who states, however, that 
the data on which the assumption of 
the rise is based are somewhat de- 
fective. Thus he had no chance of 
ascertaining how large a percentage of 
the thyrotoxic patients in the North- 
vvest and Great Lakes’ region were ad- 
mitted to the Mayo Clinic. On the 
basis of the available data Plummer 
would not venture to say anything 
about the cause of the “epidemic”. 
After all, to me it seems more reason- 
able to assume that the phenomenon 
in question is a result of extraordinary 
conditions in connection with the Plum- 
mer treatment of thyrotoxicosis with 
iodine, which started just some years 
before, and thus the rise is not to be 
taken as a real increase in the morbid- 
ity, but rather attributable to a change 
in the general hospitalization of pa- 
tients. 

The Danish “Epidemic”. In order 
to get an idea about the frequency of 
thyrotoxicosis in Denmark through a 
number of years, I have gone through 
the annual reports from all the hos- 

( 121 1 
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pitals in this countx)' within the period 
of 1931 to 1945. For several reasons, 
however, tlie numerical data obtained 
in this way are inaccurate, giving by 
no means die absolute occurrence of 
thyroto.xicosis in Denmark. 

For one thing, it has to be realized 
that hardly all cases of this kind are 
hospitalized. Further, in making use of 
the annual reports from the hospitals it 
is not practicable to rule out all read- 
missions; besides, the same patient may 
be registered twice in the same annual 


report, under the medical as well as 
surgical departments. 

In Fig. 1 all tire hospitalized cases 
of thyroto.xicosis in Denmark, accord- 
ing to the annual reports, are recorded 
graphically. From this it is evident that 
since 1931 there was a gradual and 
continuous rise in the frequency of 
thyroto.xicosis until 1941, when a sud- 
den rise set in that continued also in 
the following 2 years. Thus in 1943 
the number of cases was 3 to 4 times 
higher than in the years before the 
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war. The rise had culminated in 1944, all dubious cases may be ruled out. 
when the incidence commenced to fall, In order to keep this task within rea- 
and this fall continued in 1945. sonable limits I have chosen to investi- 

A detailed analysis showed that the gate the occurrence of thyrotoxicosis 
sudden rise in thyrotoxicosis in 1942 within the municipality of Copenhagen, 
was distributed equally over all the The rise in the incidence of the disease 
counties of the country. It commenced has been just as pronounced here as in 
at the same time all over the country the entire country and the material 
and was of almost the same magnitude may be said to be representative for 
in the various counties. such investigation. 

For reasons already mentioned the Material. The present material corn- 
annual reports are not serviceable for prises all newly-diagnosed hospitalized 
an accurate estimate of the occurrence cases of thyrotoxicosis residing in the 
of thyrotoxicosis. This requires an in- municipality of Copenhagen within the 
dividual registration of each case so period of 19S8 to 1947. 
as to exclude readmissions and relapses. No absolutely accurate figure for the 
Besides, this is the only way in which occurrence of the disease in the popu- 
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lation may be obtained in tins way, it 
is true, but I feel convinced that only 
an insignificant number of patients 
here in Copenhagen have not been 
hospitalized at some juncture of their 
illness. This has further been con- 
firmed privately by several practising 
physicians in Copenhagen. 

Tabll 1 —SHiti XN THE >ZoRBioirr OF Tnwto- 

TOMCOSIS I-OR TJIE Cm OF CoPEXIEVCtN 

I.N 1938 TO 1947 



No. of 

No of 

No of cases 


cases 

mhabifants 

m 

1938 

129 

687623 

0,19 

1939 

159 

691995 

0,23 

1940 

160 

700465 

0,23 

1941 

240 

702424 

0,34 

1942 

346 

711221 

0,77 

1943 

598 

714589 

0,84 

1944 

591 

724071 

0 83 

1945 

379 

731707 

0,52 

1946 

235 

753010 

0,31 

1947 

137 

759114 

0,21 


The material includes a total of 3194 
cases. The average incidence of thyro- 
to.xicosis in Copenhagen in this period 
is found to have been 0,44— pro mille. 

In Table I the cases are recorded for 
each year together with the census for 
Copenhagen. In 1938 the disease oc- 
cirrred in 0,19%o of the population, 
and in the following 4 to 5 years it in- 
creased so markedly that in 1943 it 
occmred in 0,S4%o of the inhabitants 
of Copenhagen. 

In Fig. 2 this rise in the frequency is 
presented graphically. From this it will 
be noticed that the rise from 1938 to 
1940 is fairly gradual, while it becomes 
more marked in 1941, and then in 1942 
it is quite abrupt and keeps at the 
high level for the following 2 years. 
In 1944 this rise has culminated, and 
as early as 1945 there is a rather con- 
siderable fall in the number of cases. 
In 1947 the pre-war level is reached 
again. 

From Fig. 1, which is plotted on 
the basis of the annual reports from 
all the hospitals in the country, it will 
be seen that the gradual rise from 1938 
to 1940 practically is to be looked 


upon as a continuation of the steady 
increase since 1931. The cause of this 
gradual rise in this period seems most 
likely to be due to greater interest in 
the disease and a more ready recogni- 
tion of it. 

As for the sudden rise in 1942, it is 
hardly conceivable that it might be a 
simple continuation of a preceding 
gradual rise. It is directly suggestive 
of some extraordinary underlying con- 
ditions. 

Before discussing the cause of this 
peculiar rise, we first have to realize 
tliat it is due to a real increase in the 
niorbidit)' and not to some irrelevant 
factors. And it may be at once said 
that neither increase in the population 
nor any change in the tendency to hos- 
pitalization of the patients may give 
any adequate explanation of the phe- 
nomenon. 

It also seems improbable that im- 
proved diagnosis nught bring about 
such a sudden rise in the frequency 
of the disease. As already mentioned, 
the increase is distributed evenly all 
over the country. In other words, if 
improved diagnosis were the cause of 
the rise, it would mean that all physi- 
cians throughout the country in 1942 
suddenly had acquired a much greater 
diagnostic capacity as far as the recog- 
nition of thyroto.\icosis is concerned. It 
would hardly be reasonable to assume 
this, particularly as the disease on the 
whole had become more severe. More- 
over, the decreased frequency of thyro- 
to.\icosis in 1945 most decidedly goes 
against such a possibility. Besides, if 
improved diagnosis really played any 
role here, we would e.xpect that the 
practising physicians now referred 
more patients to the hospitals with a 
correct diagnosis than before. But, on 
going through the admitting diagnoses, 
year by year, no particular change is 
found in this respect. Conceivably the 
rise might have been due to increasing 
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employment of metabolism determina- 
tion, so that more mild cases were de- 
tected now than before, but an enum- 
eration of the employed determina- 
tions of metabolism showed the con- 
trary. 

Further, by dividing the material 
into mild and severe cases (with and 
without exophthalmus ) it was evident 
(see Fig. 3) that the severe cases 


number had tripled since 1938. The 
fact that the rise in frequency is far 
more pronounced for the severe cases 
goes directly against its being due to 
improved diagnosis, provided that the 
clinical picture of the disease has not 
changed in character in the years con- 
cerned. 

It was necessary therefore to investi- 
gate the symptomatology of the entire 



Fig. 3.— Rise in frequency of thyroto.xicosis for lire three groups of cases, based on inde-x values. 

(The number for 193S set = 100 .) 

: Entire material : Severe thyrotoxicosis without exophtiialmiis. 

+++H — I— t-: Severe thyrotoxicosis with e.\ophtlialmus. : Mild thyrotoxicosis. 

without e.xophtlialmus showed the material and make a comparison be- 

greatest increase, 7 to 8 times the num- tween the cases from the first period 

her of cases in 1938,- but also the severe (1938 to 1940) and the cases tliat ap- 
cases with e.xophthalmus (that is, the peared during the abrupt rise in 1942 
classical type) had increased consider- to 1943. 

ablv (almost 5 times). The mild cases A detailed analysis of the total ma- 

had increased least, even though their terial, which comprises altogether 1832 
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the disease may have increased to such 
an extent that the addition of these 
cases might explain the general rise in 
the frequency of thyrotoxicosis here in 
Denmark. 

It proved impracticable, however, to 
obtain an accurate numerical expres- 
sion for these cases through a retrospec- 
tive investigation like this one. For it 
may always be questionable whether in 
a given case the lesion correctly has 
been’ looked upon as “masked”, or 
whether its “masking” might not rather 
be due to failing diagnostic ability of 
the examiner. In material like the 
present, collected from many clinics, 
such a selection of masked cases could 
not avoid being rather arbitrary, on 
which account I had to give up my 
original plan to separate all masked 
cases of thyrotoxicosis in order to see 
whether they had increased to such an 
extent that the addition of these cases 
might explain the general rise in the 
frequency of thyrotoxicosis. 

If improved diagnosis had played 
any role in the rise in frequency, we 
would expect the rise to involve ex- 
clusively— or at any rate chiefly— the 
older patients, as the symptoms are 
relatively more scanty in die higher 
age-classes. In Fig. 4 we see the rise 
in frequency for patients over 45 years 
compared with the rise for patients 
under 45. The curves here are plotted 
on the basis of index values, the values 
for 1938 set =100. The rise is found 
to be greater for patients over 45 years: 
6 times their initial number. But the 
rise is also quite considerable for pa- 
tients under 45 years, their numbei 
being quadrupled. In other words, this 
means that even the younger thyro- 
toxic patients— with nearly the same 
form of clinical manifestation of their 
illness— have increased considerably in 
number during these years. 

To me these findings seem to indi- 
cate that the rise in the frequency of 


thyrotoxicosis in Denmark must chiefly 
be due to a real increase in morbidity 
even though improved diagnosis pos- 
sibly may explain a part of it. 

Variations in the Frequency of Thy- 
rotoxicosis in Countries Other than 
Denmark diuring World War 11. In an 
investigation like the present it is of 
great interest to establish whether a 
sudden rise in the occurrence of thyro- 
toxicosis similar to the one observed 
in Denmark during the last war may 
have taken place at some point of time 
in other countries. On going through 
the mortality statistics from various 
countries (Norway, Sweden, Great 
Britain, Canada, United States, New 
Zealand and Holland), covering the 
last 40 years, it is found that since 
1910 there has been a gradual, though 
rather considerable, rise in the thyro- 
to.xicosis mortality. But a sudden or 
abrupt rise like that just observed in 
Denmark has not been seen before. 

More recent reports from other coun- 
tries indicate that during world war II 
there was a distinct decrease in the 
frequency of thyrotoxicosis in Holland 
(Schweitzer^) and Belgium (Bas- 
tenie^). The respective authors have 
been most inclined to associate this 
fact with 'the general malnutrition of 
the Dutch and Belgian population. 

In Norway, during the beginning of 
the Geianan occupation, in 1941 there 
was a distinct rise in the frequency of 
thyrotoxicosis, but already, in the fol- 
lowing year, simultaneously with the 
nutritional crisis, there was a notice- 
able decrease in the incidence of the 
disease that became more accentuated 
in the following years (Grelland-). 

Through private questionnaires to a 
number of tliyroid investigators in 
Europe and America, supplementary 
information has been obtained about 
the tliyrotoxicosis morbidity during the 
war. From this it is evident that no 
variations in the frequency of thyro- 
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fore and simultaneous with the rise in 
the frequency of thyrotoxicosis in Den- 
mark. The same appears to have ap- 
plied also to the wave of the disease 
in Minnesota in the years of 1924 to 
1926 according to the annual meteoro- 
logical reports. But, whether these ex- 
traordinary climatic conditions may 
have been connected with the rise in 
thyrotoxicosis cannot be decided with 
certainty. 

The idea that the rise in the fre- 
quency of thyrotoxicosis in Denmark 
during the war may have been associ- 
ated with certain changes in the nutri- 
tion, may be said to seem rather ob- 
vious. A fairly thorough analysis of 
the dietary conditions during this 
period, however, shows that only rela- 
tively slight changes have taken place. 
Thus, for instance, the caloric con- 
sumption was lowered from 3071 to 
2687 calories per individual from 1939 
to 1945. There has been a minor in- 
crease in the protein consumption, 
while the consumption of fat and car- 
bohydrate has been decreasing. The 
“protective food” content of the diet 
has rather been increasing. An analy- 


sis of the diet of this sort cannot give 
any explanation of the cause of the 
peculiar rise in the frequency of thyro- 
toxicosis in these years. 

Perhaps changes in the content of 
some antithyroid factors of the diet 
may give a plausible e.xplanation as to 
the origin of the “epidemic wave” of 
thyrotoxicosis in Denmark during the 
war, even though nothing definite can 
yet be said about it. For further de- 
tails concerning this discussion, the 
reader may be referred to a monograph 
by the’ writer^. 

Summaiy. A description and analy- 
sis have been given of a peculiar and 
temporary rise in tlie frequency of thy- 
rotoxicosis in Denmark during World 
War II. The rise set in suddenly in 
1941 and reached its peak in 1944. In 
1947 the pre-war level was again 
reached. It is shown tliat the rise in 
the frequency of the disease in these 
years must be due to a real increase in 
morbidity. The causes of the phenom- 
enon has been discussed briefly, but no 
definite and adequate e.xplanation of 
this peculiar “epidemic wave” of thyro- 
toxicosis may yet be offered. 
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acidosis, it was decided to investigate the 
possible connection between these two events. 

Detailed Study of the Occurrence of 
Acidosis: The patient was asked to keep 
a diary in which she recorded the happen- 
ings of the day, and expressed her attitudes 
and feelings toward them. Every two weeks 
she was seen in the clinic and the events 
of the fortnight were reviewed, with special 
attention to the circumstances surrounding the 
development of acidosis. No change was 
made in her insulin dosage, which previously 
had been elevated to 60 units of protamine 
insulin and 40 units of regular insulin in 
separate syringes before breakfast. Like- 
wise, her diet was prescribed to include pro- 
tein 80 gm., fat 60 gnr., and carbohydrate 


200 gm., limited to 1660 calories, because of 
her obesity. Three times a day, before meals, 
she examined her urine for sugar and acetone, 
and recorded the results in her diary. A 
hundred days of her life as gleaned from her 
diary are recorded in Figs. 1-5. There is no 
doubt that she took her insulin during this 
time. Her critical mother confirms this. 

During the 1st week of the observation 
period the girl’s life was relatively calm and 
uneventful. On the 8th day she decided 
to take a part-time volunteer job at the hos- 
pital— a decision which represented an act of 
unprecedented boldness and independence on 
her part. When she persisted in her decision 
despite the objections of her parents, she be- 
came anxious, “shaky," and fearful. After a 
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Fig. 1.— First 3 weeks of detailed correlation of urinary findings with events, altitudes and emotions 
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Fro. 2.— Second 3 weeks of detailed correlation of urinary findings with events, attitudes and emotions. 
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restless night punctuated by nightmares, she 
awoke on the 9tli day to find acetone in her 
urine. 

She was only partly reassured when the 
anticipated storm failed to materialize. On 
the 10th day she started work at the hos- 
pital. That night when she came home she 
found her mother violently angry. She was 
slapped with a dishrag and verbally abused 
for several hours. Although she became 
angry, she was also very much afraid. After 
another sleepless night she again found ace- 
tone in her urine. 


Following this episode her mother was re- 
morseful, and the patient became less appre- 
hensive. A period of relative peace at home 
lasted until the 22nd day. Then an argu- 
ment developed over apparently trivial mat- 
ters. It was followed by a slapping. Again 
there was a sleepless night, and acetonuria 
appeared the next morning. 

Several days later the mother, again feel- 
ing remorseful, bought her daughter a new 
dress; but shortly thereafter, on the 26th day, 
she once more became moody and threaten- 
ing. On the 27th day the girl lost the belt 
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Fig. 3.— Third 0 weeks of detailed correlation of urinary findingj» with events, attitudes and emotions. 
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to her new dress while working at the hos- 
pital. She returned home in a frightened 
state and received a tongue lashing that last- 
ed several hours. During the course of it 
her mother thre%v a frying pan at her. The 
emotional turmoil which accompanied this 
episode lasted for 48 hours. Acetone ap- 
peared in the patient’s urine specimen on 
the morning after tlie turmoil began. She had 
developed polyuria during the night, was 
anore.xic in the morning, and then vomited 
several times. On several occasions during 
the day she took orange juice and salty broth, 
as well as 2 e.\tra doses of regular insulin. 
Despite this, acetonuria persisted for 48 hours. 

During the ne.xt week, with her mother’s 
consent, the girl was sent to a summer camp 
for diabetic children. During her stay there 
her diabetes remained in relatively good con- 
trol. However, because she was lonely she 

4 


her mother upbraided her and called her an 
impertinent ingrate. The girl was “as mad 
as I have ever been in my life,’’ but was too 
terrified to make further protest. The ne.xt 
morning her urine contained 4 plus acetone 
and she began to vomit. Seeing this, her 
mother made her more fearful by threaten- 
ing “if you get sick again, I won’t take you 
to the hospital.” Acidosis continued for 5 
days and the patient again treated herself 
with fluids and extra insulin. 

She had hardly recovered from this epi- 
sode when, on the 64th day, her mother 
forced her to stop going to a parochial school 
and made her enter a public high school. 
She was both resentful and fearful at this 
move. During the first 2 days at school 
she was “shaking like a leaf.” There was a 
trace of acetone in her urine at noon each 
day. 
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Flo. 5.— Fifth 3 weeks of detailed correlation of urinary findings witii events, attitudes and emotions. 


came home unc.xpectedly on the 40th day of 
the observation period, upsetting her mother’s 
plans for the ensuing week. The argument 
precipitated by lier return home took place 
on the morning of the 42nd day. Acetone 
appeared in the noon specimen that day. It 
was present the following morning also. 

For 2 weeks thereafter no ketonuria was 
reported. There were no emotional upsets 
during this time. On the 55th day the pa- 
tient developed abdominal cramps, watery 
diarrhea, nausea, vomiting, and malaise, all 
of which lasted for about 12 hours. Her 
symptoms suggested that she had an infec- 
tious gastro-enteritis of moderate degree. She 
did not develop ketonuria. 

Two days late however, after all her 
symptoms of gastro-enteritis had subsided, 
she became intensely angiy' upon discovering 
her mother reading her mail. Thereupon 


On the 70th day of observation the pa- 
tient was admitted to the hospital, to allow 
for a more detailed study of the relevance of 
her life situation to her bouts of acidosis. 
She was quite suspicious and somewhat 
fearful at the time of admission, and a trace 
of acetone was present in her urine. With 
reassurance she became more rela.ved and 
soon adjusted to the ward routine. In order to 
regulate her activity it was arranged that 
she should 'have set chores to do under the 
supers’ision of the head nurse. She enjoyed 
this, feeling a sense of importance in her 
semi-otticial position. At the same time her 
constant association with the nurses made it 
possible to standardize effectively her diet. 
Her diet and insulin dosage were not alter- 
ed. Examination at tlie time of admission 
showed no significant physical findings ex- 
cept obesity and a radier high tissue tuf- 
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latter was thought to be associated 
with the lugh insulin dosage. After 3 days she 
was considered to be in a relatively calm, 
steady state. No acetone had been present 
in the imine since the admission specimen. 
Her fasting blood sugar was 200 mg. a/c at 
this time. 

On the afternoon of the 74th day the 
girl’s mother came to visit her physician. The 
tvyo had a long and friendly chat, while the 
girl waited anxiously outside of the con- 
sultation room. When they left the room in 
serious and friendly conversation without 
rnore than a nod for her, she assumed that 
the \yorst had happened. She was allowed 
to gain the impression that both were angry 
with her. She confided later tliat she was 
convinced that her doctor (whom she re- 
garded as her only friend”) had “gone over 
to Mothers side” and tliat the two were 
ploWng against her. She felt angry, terrified, 
and helpless. 

Shortly after this the nurses observed that 
she had a scowl on her face, and that she 
seemed preoccupied. She became restless, 
l^py, and complained of feeling “shalw.” 
She had no appetite for her dinner, but 
forced It down. During the night she 
tossed restlessly in her bed and had several 
terrifying nightmares. About midnight she 
began to urinate frequently and in large 
quantities. The specimen contained 3-plus 
acetone. ^ 

When she was seen the next day she show- 
ed, in addition to restlessness and irritability, 
a startle reaction, acetone breath, dry tongue' 
rapid pulse, and cold moist palms. Her A'et 
and activity were not altered. By evening 
acetone was 4 plus in all specimens, and 
attempts to reassure her were begun. While 
she was kept under observation, no other 
changes were made in her therapy. For 2 
days fear resentment, and ketonuria con- 
tinued, subsiding slowly under reassurance. 

Her subsequent course in the hospital was 
uneventful. By the time she left, her re- 
lation ivith her physician had been restored 
to Its former state. At home she had 2 fur- 
ther bouts of ketonuria, each preceded and 
accompanied by threats to her securify aris- 
ing from strained relations with her mother 
similar to those described previously. 


Discussion. Willmsii has reported 
that a rise in blood ketone bodies oc- 
curs in response to e.\-posure of rela- 
tively small areas of the body to Roent- 
gen rays. Winkeler and Hebeler^^ have 
reported a similar rise in the blood 


ketone bodies after e.xtreme physical 
exertion. Selye^*^ has considered both 
of these phenomena as a part of the 
non-specific bodily reaction to stress 
which he calls the “alarm reaction.” 
Inasmuch as threatening life situations 
which arouse emotional conflicts have 
been observed to initiate the alarm re- 
action, it may be that the ketonemia 
which appeared in this patient is an- 
other instance of this phenomenon. 

The mechanisms by which the me- 
tabolic changes were produced is not 
clear. It appears that the fact that 
ketosis has been so readily elicited in 
this diabetic is in part related to her 
acute sensitivity to any threat which 
tends to disturb her relation to her 
mother. This relation to her mother 
is colored by intense and conflicting 
emotions at all times, even the “calm- 
est.” Her reaction to any disturbance 
of it includes not only ketosis, but 
also diuresis, restlessness, tachycardia, 
increased perspiration and a mood 
change characterized by anger, fear, 
and moderate depression. Part of this 
reaction — the tachycardia and in- 
creased perspiration, for example— 
apears to be mediated by the hypo- 
thalamic-sympathetic system. It seems 
reasonable to conjecture also tliat the 
pituitary, acting by itself and through 
the adrenal cortex, may play an even 
more important part in the reaction, 
especially in raising the blood sugar 
and increasing the severity of the dia- 
betes. Perhaps the constant action of 
this later mechanism day after day may 
also e.xplain why her diabetes is so 
severe and so resistant to treatment, 
and why her daily insulin requirement 
is so far above the 40 units required 
by the depancreatized human. 

Conclusion. In an anxious, mal- 
adjusted, and severely diabetic 15 year 
old girl, it has been shown that stress- 
ful life situations which aroused the 
emotions of fear and rage were ac- 
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companied by alterations in the me- 
tabolism. One manifestation of these 
alterations was tlie appearance of ke- 
tonuria within approximately 12 hours 
of the onset of the stressful situation. 
With continuation of the stress under 


experimental conditions the ketosis 
was observed to continue to the point 
of clinical acidosis. Without change 
in diet or additional insulin the aci- 
dosis disappeared when the subject re- 
gained confidence and security. 
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Anticoagulant therapy has now 
been well established in the treatment 
of various thrombo-embolic conditions. 
Many authors, including 
ourselves, have stressed the need for 
careful hospital and daily laboratory 
supervision. There are certain patients 
with recurring thrombotic and embolic 
tendencies who need anticoagulant 
therapy for long periods of time. In 
some instances, this may mean for the 
remainder of their lives. This is par- 
ticularly true of patients with old rheu- 
matic heart disease complicated by val- 
vular damage and auricular fibrilla- 
tion who release showers of emboli to 
the peripheral circulation from time to 
time. Recently, we reported in some 
detail such a group of patients who 
had been treated with anticoagulants.^^ 
Aside from the value of maintaining a 
state of cardiac compensation, this is 
the only therapy thus far suggested 
which reduces the incidence of embolic 
complications and thus favorably af- 
fects the clinical course of this type of 
patient. 

There are other types of cases in 
whom it is advisable to continue anti- 
coagulant treatment for an indefinite 
period. These include patients with 
phlebitis migrans, recurrent thrombo- 
phlebitis and certain patients with re- 
current coronary thromboses and myo- 
cardial infarction in whom it is de- 
sirable to continue anticoagulant ther- 

® This work was aided in part by grants from ' 
the Samuel H. Kress Foundation. 
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apy as a prophylactic step against fur- 
ther recurrences. Nichol and Fassett” 
have reported e.\-periences with this 
type of patient. 

The purpose of this report is to pre- 
sent experiences with long continued 
anticoagulant treatment and examples 
of difficulties which may be encoun- 
tered. To subject a patient to a daily 
intravenous puncture to procure blood 
for a prothrombin test is, in general, 
only feasible for a few weeks while he 
is in the hospital. After he leaves the 
hospital and becomes ambulant, a daily 
test is too time consuming, uncomfor- 
table and expensive. It interferes great- 
ly with the patient’s daily life. The fol- 
lowing plan has, therefore, been adopt- 
ed for the care of such cases. Each pa- 
tient’s idiosyncrasies to dicumarol are 
studied while in the hospital. His daily 
requirements are evaluated. After 3 or 
more weeks of hospitalization, if the 
underlying disease is under control, the 
dicumarol requirements fairly stable, 
and the patient ambulant, he is dis- 
charged to his home on a specific daily 
dose of the drug. Thereafter, he reports 
twice weekly for prothrombin tests and 
a prescription of the daily dose. If the 
blood prothrombin level shows only 
minor fluctuations, this time interval 
is extended to once weekly. Some rare 
patients remain very stable and under 
these unusual circumstances the. inter- 
val may be prolonged from 10 to 14 

i Eli Lilly Company, Sharp and Dohme Inc., and 
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days. In general, however, this is not 
to be recommended. 

Serious study of this aspect of the 
treatment of ambulant patients with di- 
cumarol has been carried out by the 
authors during the past 2 years. Since 
this treatment was known to be fraught 
with some risk, it was obviously impor- 
tant that patients be disciplined to take 
the exact amount of dicumarol pre- 
scribed and no more, and that they 
appear for tests as scheduled. For this 
reason, only intelligent and co-opera- 
tive private patients have been select- 
ed for this regime. 

The Link-Shapiro modification of the 
Quick method has been used to esti- 
mate the prothrombin time.'^-^®-^^ With 
the active rabbit lung thromboplastin 
used in our laboratory, the value for 
normal controls is 14 to 16 seconds. In 
treatment the aim is to determine a 
daily dose of dicumarol which will 
maintain the prothrombin time at from 
30 to 35 seconds. This is termed the 
“therapeutic level.”" Minor fluctua- 
tions outside of this range, but between 
25 and 45 seconds, are not considered 
serious. 

“ To orient those readers who are accus- 
tomed to calculate prothrombin activity in 
percentage of normal, tlie comparative figures 
from our laboratory are listed below. Only 
active tliromboplastin, wliich is tested daily 
against a normal person’s blood and which 
gives a reading of from 35 to 41 seconds with 
a dilution, 1 part of plasma witli 8 parts of 
saline, is used. If the tliromboplastin does 
not come within this range, it is discarded 
and a new batch tested. 


% 


% 


Sec. 

100 

plasma 

0 

saline 

15±1 

50 

plasma 

50 

saline 

17±1 

25 

plasma 

75 

saline 

25±2 

12.5 

plasma 

87.5 

saline 

38±3 

8.33 plasma 

91.67 saline 

53±4 


We have found that there is a great 
difference in the dose required to main- 
tain this level from individual to indi- 
vidual. C. D. (Patient 13, Table 1) has 
an average weekly -maintenance re- 


quirement of 175 mg. L. B. (Patient 1), 
on the other hand, requires a weekly 
dose of 800 mg. As will be noted in 
Table 1, there is no apparent correla- 
tion between body weiglit and the size 
of the dose in adults. Perhaps if all other 
factors which enter into this picture 
were equal, such a correlation would be 
more obvious. Age is not a factor, with 
rare exceptions. The average require- 
ment in a stable patient remains fair- 
ly constant over a period of time. Pa- 
tients standardized IV 2 years ago usu- 
ally require approximately the same 
amount of dicumarol today. 

Some women show variations in the 
prothrombin time with their menses, 
but others apparently have no change. 
M. M. (Patient 8) usually requires an 
increase in dicumarol dosage just be- 
fore and during her menses to maintain 
her therapeutic level. This has been 
observed for 16 months. During the 
menstrual week she needs 575 mg., 
during the other 3 weeks 475 mg. is 
usually sufficient. Studies of relation- 
ship of the estrogens to this finding are 
under way. In our experience, at 
therapeutic levels, dicumarol rarely in- 
creases menstrual flow in the absence 
of pathological states. 

It appears probable that diet plays 
a role in the utilization of dicumarol. 

Case 13. Mrs. C. D. could not be standard- 
ized on dicumarol dosage until she was placed 
on a high protein diet. After she was first 
stabilized in the hospital and then maintained 
on ambulant treatment, sbe occasionally de- 
veloped sudden, high values of her pro- 
thrombin times. On one occasion, the pro- 
thrombin time was unexpectedly found to be 
109 seconds. She was given intravenous vita- 
min K therapy. Upon close questioning, it 
was found that this patient’s sudden prolonga- 
tions of prothrombin time were subsequent to 
the ingestion of large amounts of whiskey. 
Reducing the consumption of whiskey re- 
sulted in a more uniform test from week to 
week. 

Two possible e.xplanations occur; 
(a) that the alcoholic consumption in 
some way temporarily interfered with 
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onds. No further embolic episodes have oc- 
curred in a period of 15 months. The patient’s 
general condition is excellent; she is able to 
travel and does so freely and without difficulty 
whenever satisfactory prothrombin studies 
can be arranged. By planning, it was possible 
for her to travel from New York to the Pacific 
Coast and return, having had protlirombin 
tests weekly at reliable laboratories en route. 
The trip was without untoward incident. Her 
heart continues in a state of compensated 
auricular fibrillation. 

Case 1. L. B., a 39 year old housewife, 
developed rheumatic fever at 4 years of age. 
From then until she was 12, she had multiple 
attacks of rheumatic fever with the develop- 
ment of a heart lesion. In 1941 she developed 
auricular fibrillation and was found to have 
mitral stenosis with cardiac decompensation. 
In February, 1946, she had a severe saddle 
embolus. She was then given heparin for 2 
weeks. The embolus apparently divided, de- 
scending into both legs and leaving her with 
occlusion of the major arteries below the 
knees bilaterally. In 1946, between February 
and June, she suffered 6 embolic episodes, 
involving her legs and also her abdomen and 
brain. In September, 1946, she had an em- 
bolus to her right foot, and again one to each 
leg. On November 2, 1946, she developed a 
cerebral embolus which produced dizziness, 
diplopia, slurring of speech, involuntary 
twitching of the right arm, occipital head- 
aches and loss of convergence of the left eye. 
She was admitted to The New York Hospital 
on November 3rd and dicumarol was started 
at that time. She remained in the hospital for 
1 month, since which time she has been 
ambulatory. Her average weekly requirement 
of dicumarol is somewhat higher than that 
of most patients. She needs approximately 
800 mg. per week to maintain a level between 
28 and 35 seconds. She has had no further 
emboli and leads a rather active life. 

Case 7. Colonel R., age 57, developed 
phlebitis of the right leg in July, 1944, while 
in military service. Pulmonary emboli oc- 
cmred in August. In November, 1944, the 
phlebitis recurred in the right leg. A femoral 
vein ligation was performed. In January, 
1945, puhnonary emboli again developed. 
Ilis inferior vena cava was ligated. In Febru- 
ary both legs were swollen. Phlebitis was 
found in the left leg in March. By June, 
phlebitis had involved the veins of his anterior 
abdominal wall. He was retired from militarj' 
service because of disability. He continued to 
have bouts of phlebitis in both his legs and 
arms. We saw him for the first time in Mav. 
1916. He wiis hospitalized for 2 months and 
placed on anticoagulant therapy. He remained 


free of phlebitis for 4 months, and then al- 
lowed his treatment to lapse. Phlebitis re- 
curred in his arm. Dicumarol was resumed on 
what will probably be a permanent basis. Pie 
is now free of any active phlebitis. He has 
resumed moderate activity after nearly 3 
vears of invalidism. 

The hazards of ambulatory Heat- 
ment are well illustrated by the follow- 
ing case: 

Case 5. H. S., age 29, who suffers from a 
migratory thrombophlebitis. When maintained 
on proper dicumarol dosage, his phlebitis is 
quiescent. When his prothrombin time falls 
below 25 seconds, he almost invariably de- 
ve ops thromboses in the veins of his legs or 
arms. A dose which is too great for his imme- 
diate needs sends his prothrombin time soar- 
ing. He then tends to hemorrhage, usually 
under the skin. He has, tlierefore, a very nar- 
row therapeutic zone within which to prevent 
thrombosis on tire one hand and hemorrhage 
on the other. He is exceptional in this regard. 
In July, 1947, the chemist, who was working 
on tliis case with us and is e.xpert at deter- 
mining prothrombin times, was suddenly 
stricken with a coronary tlirombosis liimself. 
(Pie was treated with anticoagulants and con- 
stitutes Case 16 in this series). Plis technical 
assistant then substituted for him. As fre- 
quently happens with technicians who are 
inexperienced with this test, certain errors 
occurred during the first few days in the case 
of H. S. (Case 5). On one day when the 
prothrombin was reported as 24 seconds, he 
suddenly developed large subcutaneous ec- 
chymoses. He was admitted immediately to 
the hospital where his protlu-ombin time was 
found to be 180 seconds by our research 
laboratory. Pie was given 72 mg. of synthetic 
vitamin K every 4 hours for 4 doses, and one 
500 cc. transfusion of fresh blood. Plis pro- 
thrombin time fell gradually to therapeutic 
levels and there was no further bleeding. 
Seven months later he again encountered 
difficulty. At tliis time he was fairly well 
standarffized on a daily dose of 50 mg. of 
dicumarol. One day his prothrombin time 
was found to be 33 seconds; seven days later 
it was 108 seconds. He was given 3 doses of 
svnthedc vitamin K, 72 mg. each, 4 hours 
apart. The next day the protlirombin time 
had fallen to 83 seconds, the following day to 
57, and 2 days later it was 21 seconds. At 
this level, thrombi promptly developed in the 
superficial veins of the right calf. In spite 
of these occasional difficulties, he has con- 
tinued to work at a responsible job during 
the past year. 



140 


FOLEY, WRIGHT: 


One cannot belittle the hazards of 
dicumarol therapy with this man, yet 
they must be weighed against the risks 
of his serious disease— thrombophlebi- 
tis migrans. Prothrombin times should 
be performed twice weekly for the 
proper control of this patient. 

Another case illustrated further the 
danger of unreliable laboratory data. 

Case 6 G. G a woman, age 25, was seen 
m consultation in a suburban hospital. She 
had recurrent tlirombophlebitis involving deep 
pelvic and abdominal veins, and probably 
one renal vein While awaiting transfer to 
The New York Hospital, she was given dicu- 
marol After 5 days, her protlnombm time 
was reported by the laboratory of the subur- 
ban hospital as 27 seconds The following 
day, she was admitted to the New York Hos- 
pital. The prothrombin test was earned out 
by our research laboratory. No end point 
could be found. It was reported as 300 
seconds plus, the longest time we record (It 
IS quite unlikely that this rise occurred in 24 
hours). This patient was given intravenous 
vitamin K and 2 transfusions of fresh blood 
dunng the next 3 days The prothrombin 
time gradually fell to a therapeutic range 
She experienced no bleeding except for a 
shght oozing from the gums when she sucked 
on them She was discharged later from the 
hospital and has remained on ambulant treat- 
ment without diflSculty for the past 6 months 

M.M., age 44, Case 8, previously re- 
ferred to, has also on 2 occasions in- 
explicably developed high prothrombin 
levels that required intravenous vita- 
min K injections. 

It is now routine to give 2 doses of 
72 mg. each of vitamin K intravenously 
at 4 hour intervals when the prothrom- 
bin time reaches 60 seconds or more. 
This has almost without exception 
been sufficient in cases with prothrom- 
bin times of less than 100 seconds. 

An example of another type of diffi- 
culty is cited as folloxvs: 

Case 4. M. S , a school teacher, 51 years 
of age, had rheumatic lexer at the age of 23 
with subsequent mitral stenosis Beginning in 
1942, she dex eloped auricular fibrillation. In 
the summer of 1945, she dex eloped a pul- 
monan embolus This xx.is followed dunng 
the next xear by emboli to the right leg, the 


abdomen, the left leg, and then again to the 
abdomen. Anticoagulant therapy was begun 
She had no further emboli She had a very 
difiicult domesbc situation to cope with and 
began to show emotional instabihty. It be- 
came doubtful that she would continue to 
follow explicit directions, so her anticoagulant 
treatment was discontinued. Seven days later, 
she had an embolus to the right area, blocking 
the brachial artery at its bifurcation 

It is likely that many of these patients 
should justifiably continue anticoagu- 
lant treatment for years to come, per- 
haps for life, or until better therapeu- 
tic means are developed. They must 
for the present, at least, take their re- 
quired doses of dicumarol and have 
periodic prothrombin tests, just as a 
diabetic must take his insulin daily 
and have his urine and blood sugar de- 
terminations performed periodically. 

Toxicity. The problem of overdos- 
age has already been mentioned. The 
possibility of serious damage to the 
liver, kidney or other organs during 
prolonged administration of dicumarol 
has been carefully considered. We 
have found no clinical evidence of such 
toxicity in this group of patients. This 
confirms the first report of one of us^® 
on the use of dicumarol. It agrees with 
the report of Nichol and Fassetf^ of an 
autopsied patient who had received di- 
cumarol for 21 months. 

Summary and Conclusions. (1) A 
group of 19 patients has been main- 
tained for from 5 to 20 months (aver- 
age 11 months) on dicumarol. Their 
prothrombin time has been checked 
every 7 to 14 days after having been 
carefully standardized at more frequent 
intervals during several weeks or 
months of hospitalization. 

(2) This method requires constant 
vigilance on the part of the physician, 
and faithful cooperation from the pa- 
tient. It necessitates a laboratory skilled 
in performing prothrombin times. 

(3) No effort has been made to eval- 
uate statistically the results of this ther- 
apy in this report. The obiect has been 
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to make available experiences with this 
clinical problem and to discuss the 
manner in which they have been met. 

(4) Neither age nor weight consti- 
tutes the determining factor in the 
dosage requirements for this form of 
treatment. 

( 5 ) Diet apparently plays some part 
in the dicumarol requirements. An ade- 
quate protein intake helps to stabilize 
the requirements in' some patients. Ex- 
cessive alcoholic intake may affect the 
requirements. 


(8) No discernible damage to the 
liver or kidneys has occurred in any 
patient as a result of the prolonged ad- 
ministration of dicumarol. 

(9) No thrombo-embolic episode 
has occurred in these patients while 
their prothrombin time has been at a 
“therapeutic level” (prothrombin times 
above 30 seconds). 

(10) There have been no deaths in 
this series despite the seriousness of 
the condition of many of these patients 
at the time of onset of the therapy.. 


Table 1.— Patients Receiving Dicumahol Tiiebapv 
Months on Average Weekly 


Xo. 

Name 

Diagnosis Dicumarol Dose (Mg.) 

(loMay 1, 1948) 

Age (yrs.) 

Weight (lbs< 

1, 

Mrs. L. B. 

Rheumatic Heart Disease 

Mitral Stenosis 

Auricular Fibrillation 

Multiple Emboli 

18 

800 

39 


no 

2. 

Mrs. J. C. 

« 1* 

20 

500 

53 


125 

3. 

Mrs. E. S. 

<< t$ 

17 

300 

42 


112 

4. 

Mrs. M. S. 

“ 

9 

700 

51 


137 

5. 

Mr. H. S. 

Phlebitis Migrans 

11 

300 

29 


167 

6. 

Mrs. G. G. 

»» »» 

9 

350 

25 


126 

7. 

Col. G. R. 

»» »» 

12 

300 

57 


166 

8 . 

Mrs. M. M. 

Recurrent Phlebitis 

19 

500 

44 


133 

9. 

Mr. K. N. 

*> t* 

16 

500 

56 


205 

10. 

Mr. A. S. 

** 

9 

450 

44 


155 

11. 

Mrs. J. S. 


12 

400 

31 


140 

12. 

Mrs. E. W. 

tt Jt 

12 

700 

48 


203 

13. 

Mrs. C. D. 

n 

12 

175 

40 


145'/i 

1-1. 

Mr. H. C. 

» 

8 

550 

52 


158 

15. 

Mr. A.H. 

Coronary Artery Thrombosis 

with Myocardial Infarction 

9 

350 

47 


165>A 

16. 

Dr. M. 

” 

9 

315 

50 


144 

17. 

Mrs. A. M. 

” 

5 

300 

49 


116 

18. 

Mr. S. D. 

” 

5 

350 

52 


183 

19. 

Mrs. C. S. 

” ” ■’ 

8 

400 

66 


1.58 


( 6 ) Prothrombin times of more tlian 

(11) No serious 

hemorrhages ha\'i 


300 seconds have occurred without se- developed in any of these patients de- 
rious hemorrhage. SLxty seconds is re- spite their having been almost con- 
garded as the upper limit of the de- stantly under dicumarol therapy, 
sirable and safe therapeutic range. (12) This method of therapy has 

(7) Excessive prothrombin times enabled most of these patients to lead 
have all been controlled with vitamin fairly normal social lives, and, where 
K in adequate doses and whole fresh necessary, to support themsehes and 
blood transfusions. their families. They have been able to 
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accomplish much that had been be- 
yond dieir possibilities prior to the use 
of dicumarol because of frequent em- 
boli and thrombotic episodes. This 
statement includes those patients who 
have occasionally developed complica- 


tions such as have been described. 

( 13 ) The further development of the 
ambulatory treatment of thrombo-em- 
bolic diseases with anticoagulants will 
greatly broaden its application and 
usefulness. 
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Myanesin, one of a series of alpha 
substituted glycerol ethers was inves- 

H H H 

' ' ! /) V 

H-C-C- C-0-^ ^ 

OH OH H 

r'ormula of Myanesin (British Drug Houses), 
Tolserol (Squibb); 3-ortho-toloxy-l, 
2-propanecliol. 

tigated by Berger and Bradley^’--® who 
found that it produced in animals a 
profound muscular relaxation without 
unconsciousness. In higher doses they 
noted analgesia, ataxia, arousable sleep 
and complete paralysis. It is a local 
anesthetic. They thought that the chief 
action of the drug was upon reflex ex- 
citability of the spinal cord, because 
the convulsions of strychnine were ef- 
fectively prevented while those from 
metrazol (leptazol), supposedly acting 
upon higher centers, were much less 
influenced. With large doses a peri- 
pheral curare-like effect was demon- 
strated in nerve-muscle preparations. 
Mallinson" first employed myanesin in 
humans to aid relaxation in seneral 
anesthesia. 

The cliief clinical interest in the 
compound stems from the observation 
by Stephen and Chandy“ that the 
drug abolished tlie tremors and rigidity 
of Parkinsonism and reduced the move- 


ments of choreo-athetosis at a dose 
which did not impair strength or con- 
sciousness. In this action the drug is 
unique. Electroencephalogram pat- 
terns of their cases were unaltered by 
the drug. From their observations they 
concluded that the chief site of action 
was upon structures lying between the 
cortex and the spinal cord. Schlesin- 
ger ef found, in addition, with 
somewhat larger doses, a depressant 
effect on spinal cord reflexes. 

We have been investigating the ef- 
fect of myanesin upon various patho- 
logical states in order to determine its 
sites and modes of action and to eval- 
uate its therapeutic possibilities. We 
have been able to confirm several of 
Stephen and Ghandy’s observations 
and to add some others of interest. The 
usual common effects of the dose we 
employed consisted of a subjective 
sense of warmth, relaxation and slight 
giddiness, but not impairment of men- 
tal faculties. Two patients became 
faint when placed upright while under 
drug action. Nystagmus, slurred speech 
and loss of eye convergence were or- 
dinarily observed. Normal electroen- 
cephalographic patterns were unal- 
tered. 

The tremor of Parkinsonism was 
abolished (in 7 cases) and choreoathe- 
totic movements were suppressed 
greatly or completely (in 4 cases) 


® This shidy was supported in part by the Kiiby-McCorthy Fund. 
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Fig. 1. —Effect of myanesm on Parkinsonian tremor. R. W. Record of tremor recorded from index 
finger connected by cord to muscle lever writing on smoked drum. Record continuous in each line, 
beginning at stated time. First line control. Second bne, 2 minutes after start of infusion, shows great 
decrease in anipbtude and frequency of tremor, which is completely (lines 3 and 4} suppressed for about 
20 minutes, then gradually returns. Movement in lines 3 and 4 are due to respiration. Tune 5 sec. 
Total dose 2 gm. myanesm. 



Fic. 2.— The effect of myanesin. upon involuntary chorco-athetotic movement in a case of Wilson's disease 
(Ilcpalo-Ienticular degeneration ). A fixed pholo-electnc ceil is activated by a light atticiud to subject's 
finger and the potential lead into a standard electroencephalograph amplifier. Record continuous in each 
Ime beginning at 2 >tated minutes after start of intravenous infusion of myanesin. In lines 4 and 6 the V 
indicate:* voluntary movement intended to provoke the choieoathetosis. Movements suppressed about 40 
minutes. Infusion lasted 12 minutes. Time I sec. 
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(Figs. 1 and 2). Rigidity was greatly 
decreased or abolished in these cases, 
but strength was unaltered and tendon 
reflexes were little affected. Senile tre- 
mor was greatly improved. On the oth- 
er hand, the intention tremor of mul- 
tiple sclerosis was increased (in 2 
cases). Two cases of chorea (1 Hunt- 
ington’s and 1 congenital) were unal- 
tered. Brief discharges associated with 
anterior horn cell disease were unaf- 


the exaggerated second-pain in re- 
sponse to pinprick of a tabetic was re- 
duced, without loss of pinprick per- 
ception. Causalgic pain was relieved 
( 1 case ) for a short time and improved 
for 24 hours. Phantom limb pain, in 
contrast, was unaffected (1 case). Ste- 
phen and Chandy, and Schlesinger et 
ah had noted an effect upon pain. 

These clinical observations suggest 
that myanesin in the doses used, has 


TABLE l.-EFFECT OF MYANESIN ON HANDGRIPS 

DYNAMOMETER READINGS AFTER MYANESIN 

Number of Trials in Parenthesis 

Before Drug After Drug 

Average Average Difference from Control 


Case Reading 

1. Facial Tic 53 

(2) 

2. Multiple Sclerosis 53 

( 2 ) 

3. Multiple Sclerosis 20 

( 2 ) 

4. Parkinsonism . 26 

( 10 ) 

5. Choreo-Athetosis 42 

(5) 

6. Wilson’s Disease 61 

(7) 

7. Tabes 94 

(7) 


fected; we observed no alteration of 
organic facial hemispasm or of fascicu- 
lations in amyotrophic lateral sclerosis. 
In 1 case of tetanus the spasms were 
abolished. 

Strength was unaltered in 16 cases 
without pre-existing weakness (Table 
1), but 2 cases of multiple sclerosis 
developed a profound increase in 
weakness in the lower extremities al- 
though the upper extremities were un- 
affected. At the same time there was 
a decrease in tone. One tabetic had an 
increase in his ataxia and perhaps some 
decrease in strength. It is apparent 
that weakness is more easily developed 
in the presence of pre-e.xisting disease 
of the pyramidal, and possibly otlier, 
systems. 

Spontaneous pain was abolished and 


Ranse 

10 Min. 

:10 M 

-}-5 to — 3 

-3 

0 

(1) 

(1) 

+7 to -8 

4-2 

0 


(1) 

(1) 

0 

0 

-5 


(2) 

(2) 

-|-5 to —6 

4-2 

-1 


(3) 

(3) 

-f3 to -2 

4-1 

-fl 


(2) 

(3) 

4-19 to -16 

4-6 

0 


(3) 

(4) 

-1-36 to -14 

-19 

-18 

(8) 

(5) 


a differential action upon the basal 
ganglia, brain stem and perhaps thala- 
mus. 

To test further the possibility that 
pathological discharges from thalamus 
or related structures might be influ- 
enced by this agent, we have studied 
the electroencephalograms of petit mal 
cases, in which large areas of brain 
cortex are “fired” simultaneously, possi- 
bly from thalamic or subthalamic nu- 
ciei6.7.8. In 6 cases of true petit mal 
without general sei 2 aires these dis- 
charges were abolished by tlus agent 
(Figs. 3 and 4). By contrast, comoil- 
sive cases with focal cortical abnor- 
malities and 2 cases of petit mal associ- 
ated with generalized sei 2 aires, the so- 
called “petit mal variant” of Lenno.x, 
and supposedly the result of cortical 
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damage, were unaffected. These ob- 
servations, taken with the fact that nor- 
mal electroencephalographic patterns 
were unaltered by this dose, suggest 
that myanesin acts in these cases by 
preventing the discharges arising in 
subcortical nuclei. 

Since improvement in certain psy- 
choses has been obtained by severing 
the connections of the thalamic nuclei 
and various parts of the cortex* or 
by a destruction of thalamic nuclei,*^ 
a trial of this agent which appears to 


Although said to be effectual orally 
and intramuscularly in animals, we 
have used the intravenous route. In- 
jection of a 1 or 2% solution rapidly .up 
to 1 gm. establishes the action. From 
this dose the effect lasts a matter of a 
few minutes to 1 hour. To maintain 
action after the initial dose it is neces- 
sary to infuse at about 1 mg. per kilo- 
gram body weight per minute. This is 
about the amount required to main- 
tain a constant blood level in animals.*- 
It seems likely that effective action 


U. 


» 0 - 



iO 30 }0 40 $0 »0 70 <0 10 

minutu 


Fic. 3. —Effect of myanesin on electroencephalograph of true petit mal. The line in each minute occupied 
by spike and dome formations is indicated on ordinate. Record continuous. Dose 2 gm. at 11;26. Minutes 
after infusion indicated on abscissa. A sharp drop in activity lasts about 60 minutes. 


affect the thalamus would seem to be 
profitable. Preliminary observations on 
3 cases have proved of interest. A pa- 
tient with reactive depression was im- 
proved for the period in which the 
drug was active; a deteriorated nega- 
tivistic schizophrenic became commu- 
nicative for the first time in years; and 
an agitated patient who would not re- 
spond became calm and communica- 
tive under the action of the drug. 
These e.vperiences are being extended. 


requires the maintenance of a critical 
blood level of an agent which is rapidly 
inactivated. The maximum total dose 
we have used is 87 mg. per kilogram 
body weight. 

We have observed no untoward re- 
actions. Although the drug is hemo- 
Ivtic we have found no hemoglobinu- 
ria. Jacobs et al.^ find that it acts as 
a detergent on red cells. We have ob- 
served no local venous thrombosis. 

The action of myanesin appears to 
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be differentially selective for the clus- 
ter of subcortical nuclei which make 
up the basal ganglia, thalamus and 
brain stem. With increasing dosage the 
conducting mechanisms of the spinal 
cord, both motor and sensory, are 
blocked, and cortical activity is de- 
pressed. Finally, a peripheral neuro- 
muscular block ensues. But apart from 
this selective affinity of action, the evi- 
dence from pathological cases suggests 
that the drug cuts down any repeti- 
tious, prolonged or grouped discharge. 


relief of pain. Examples are: as an 
adjunct to anesthesia and, as Schlesin- 
ger et al. suggest, for painful lumbar 
spasm and manipulation of joints. In 
the case of Parkinsonism rigidity and 
tremor and athetosis the drug unques- 
tionably has a greater effect than any 
other therapy short of narcosis. This 
fact alone should encourage a search 
for similar, but longer-acting com- 
pounds. The rapid inactivation of the 
drug still limits its usefulness in chron- 
ic conditions. 
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Fio. 4.— Preparation of graph similar to Fig. 3. Bursts of spike and dome waves were provoked by 
hyperpnea. In each control trial they appeared within 3.5 min. Five minute hyperventilations 4, 15 and 25 
min. after start of infusion did not irroduce bursts until 40 minutes after infusion when they reappeared. 


Tremor, athetosis, rigidity, spasticity, 
the spasm of tetanus, and prolonged 
pain, all may be abolished by myane- 
sin at a time when brief twitches, such 
as choreic jerks and fasciculations and 
the perception of pinprick are unim- 
paired. This, in turn, may depend, as 
with barbiturates, upon a depression of 
synaptic transmission. 

As matters now stand, myanesin may 
be used, wherever intravenous infu- 
sion is feasible, to achieve a transitory 
relief of tremor, relaxation of tone, and 


Summary. Myanesin, an alpha sub- 
stituted glycerol, which was found 
by Stephen and Chandy to have a de- 
pressant action on the parts of the ner- 
vous system lying between the cortex 
and the spinal cord, was administered 
to a variety of patliological cases in 
order to analyze its action and to test 
its therapeutic possibilities. With in- 
travenous dosage the effect is quite 
transitor)% lasting from a few minutes 
to a few hours. 

Parkinsonian tremor is abolished 
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without impairment of strength or con- 
sciousness, an action which is unique. 
Choreo-athetosis is reduced or abol- 
ished, confirming other observations. 
Senile tremor is improved but the tre- 
mor of multiple sclerosis was increased. 
Chorea (Huntington’s and congenital) 
was imaffected. Brief discharges asso- 
ciated with anterior horn cell disease 
were not affected as in fasciculations 
of amyotrophic lateral sclerosis and 
organic facial hemispasms. On the oth- 
er hand, the spasm of tetanus was abol- 
ished. 

The tone of Parkinsonian cases was 
reduced. Strength was unaltered with 
the dose used except in the presence of 
pre-existing lateral column disease. 

A sensory effect was noted in the 


abolition of tabetic pain and an exag- 
gerated second pain response, and in 
causalgic pain. Phantom limb pain was 
unaltered. 

These observations suggested a dif- 
ferential depression of function in the 
basal ganglia, brain stem and thalamus. 
This conclusion was strengthened by 
the abolition of petit mal discharges by 
a dose which did not affect the nor- 
mal electroencephalogram or the dis- 
charge from a cortical scar. 

In view of the results of thalamoto- 
my and prefrontal lobotomy, the agent 
was tested on certain psychotic cases 
with promising results. This aspect of 
its action is being studied further. 

The transitory action of the drug 
limits its therapeutic possibilities. 


We wish to express our appreciation to Dr. Donald S. Searle of Burroughs Wellcome Company and Dr. H. 
Sidney Newcomer of E. R. Squibb St Sons Co., for part of the drug used — also to Dr. Sidney J. Deicbelmann 
and Dr. Harvey Bartle for their cooperation. 


Addenda. The characteristic myanesin action can be obtained from oral medication. Repeated 
trials on 8 cases of Parkinsonism resulted in moderate relief of tremor for 30 to 60 minutes 
following 2 to 3 gm. doses. Occasionally the larger dose was ineffectual, and inconstant 
responses frequently occurred from simflar doses. 

No decrease in effect occurred in 2 subjects taking 3 gm. ttvice daily for 1 month; and in 
another a constant effect on tremor was attained throughout 4 hours of continuous intravenous 
infusion. A continued reduction of spasticity could be obtained by an hourly dosage of 2 gm. 
throughout a 2 week period, in a patient with post-encephalitic tetraplegia. 

A drop in the leukocyte count to 3000 occurred in 2 subjects following large doses of 
myanesin. This efltect is being investigated further. 
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Penicillin gives better results in 
pneumococcic meningitis than any 
other therapeutic agent yet discovered. 
Among the 40 patients treated in our 
clinic with sulfonamides alone, 93% 
died^^ while only 62% died among 
the 66 patients who received a com- 
bination of sulfonamides and penicillin. 
Other investigators have obtained case 
fatality rates with the use of peni- 
cillin ranging from 8% to 64%. By 
tabulating the series of cases contain- 
ing 5 or more patients, we were able 
to find 319 cases of pneumococcic 
meningitis in the literature in which 
penicillin was the mainstay of treat- 

Most of 

these patients received sulfonamides 
in addition and almost all of them re- 
ceived penicillin by both the inti'a- 
thecal and intramuscular or intrave- 
nous routes. Death occurred in 157 
cases, giving an average case fatality 
rate of 49.2%. This compares favor- 
ably with an average case fatality rate 
of 94% found among all tire patients 
treated with sulfonamides in the Dis- 
trict of Columbia for 4 years.® 

The orthodox regimen for the treat- 


ment of pneumococcic meningitis at 
the present time consists of daily intra- 
thecal injections of 10,000 to 20,000 
units of penicillin in conjunction with 
200,000 to 1,000,000 units daily in 
divided doses systemically. Sulfadia- 
zine or sulfamerazine is usually given 
in addition. When evidences of sub- 
arachnoid block appear, intraventii- 
cular or intracisternal injections of peni- 
cillin are recommended. In addition 
to the fact that only 51 recover among 
every 100 patients subjected to this 
type of ti'eatment, the regimen itself 
has several disadvantages: 

(1) Local instillation of penicillin may 
cause an irritative arachnoiditis, mani- 
fested by pleocytosis-® and sometimes 
by subarachnoid block. The latter 
may require intraventricular and cister- 
nal injection of penicillin with their 
attendant dangers or may result in 
liydrocephalus. 

(2) Myelitis and radiculitis following 
intrathecal administration have been 
reported by several observers. 
Clinical and e.xperimental studies have 
demonstrated tliat when penicillin is 
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applied to the cerebrum, areas of 
necrosis may be produced-'® and con- 
vulsions may occur."-’-^’®® 

The distribution of penicillin through- 
out the cerebrospinal fluid is not al- 
ways assured when it is injected intra- 
thecally. McCune and Evans-® re- 
ported in one instance that only a 
trace of penicillin had reached the 
right ventricle 2 hours after 7500 units 
had been introduced into the lumbar 
subarachnoid space. This is in con- 
trast with the fact that when penicillin 
is administered systemically the con- 
centration in the lateral ventricle is 
higher than that found in the lumbar 
intrathecal space, as shown by two of 
us with DumoflF-Stanley.® 


Certain other disadvantages accom- 
pany the direct injection of penicillin 
into the cerebrospinal fluid. One of 
these is the danger of infection follow- 
ing lumbar puncture.^^ Another is the 
amount of work required on the part 
of physicians and attendants in doing 
repeated lumbar punctures, and the 
discomfort and annoyance to the pa- 
tient resulting from these procedures. 

Inti-athecal penicillin is almost uni- 
versally advocated for the treatment 
of pneumococcic meningitis because 
many investigators^’®>'^'^®’®®’®’ have 
found that when penicillin is admin- 
istered systemically, none diffuses into 
the cerebrospinal fluid. On the other 
hand, there are some reports-*’®’^'’'®’-'’^* 


TABLE 1. PATIENTS WITH PNEUMOCOCCIC MENINGITIS TREATED WITH 
ONE MILLION UNITS OF PENICILLIN EVERY 2 HOURS 


Patient 

Age 

(yrs.) 

Type of 

Pneumo- Associated 
coccus Infections 

Day of 
lUneas 
Treat* 
ment 
Begun 

Duration of 
Penicillin 
Treatment 
(days) 

Sulfon- 

amides 

TREATMENT 

Intra- 

thecal 

Peni- 
cillin Result 

Day 
Tem- 
pera- 
ture 
Drop- 
pea 
Below ! 

101®F. 

Day 

WBC 

Below 

30 

Baby Sh. 

3 days 

8 

No focus 
found 

? 

<1 day 

0 

0 

D 

— 

— 

J. F. 

8 mos. 

14 

? 

? 

<1 day 

1 dose 

0 

D 

(24 hrs.) 

— 

— 

J. G. 

10 mos. 

12 

pneumonia 

o 

7 hrs. 

Yes 

0 

D 

(7 hrs.) 


— 

M. H. 

2 yrs. 

7 

head injury 

o 

6 days 

Yes 

0 

R 

5 

6 

P. A. W. 

2 yrs. 

14 

pneumonia 

1 

7 days 

0 

0 

R 

3 

7 

G. T. 

33 yrs. 

13 

? 

? 

10 days 

Yes 

1 

R 

o 

19 

P. M. 

38 yrs. 

19 

pneumonia 

empyema 

endocarditis 

} 

9 days 

Yes 

0 

D 



H. L. 

■iO yrs. 

oo 

3 

p 

12 days 

Yes 

0 

R 

o 

5 

L. S. 

40 yrs. 

4 

p 

18 

13 days 

Yes 

Yes 

R 

3 

32 

A. R. 

41 yrs. 

8 

pneumonia 

4 

7 days 

0 

0 

R 

4 

19 

L. H. 

43 yrs. 

3 

otitis 

4 

13 days 

Yes 

0 

R 

4 

4 

T. 0. 

47 yrs. 

12 

? 

P 

16 days 

0 

0 

R 

4 

8 

V. A. 

49 yrs. 

12 

arthritis 

3 

21 days 

Yes 

0 

D 

— 

— 

D. G. 

52 yrs. 

7 

P 

2 

<1 day 

Yes 

0 

D 

(11 hrs.) 



A. C. 

56 yrs. 

not typed otitis 

? 

9 days 

0 

0 

R 

2 

4 

X. V. 

56 yrs. 

8 

endocarditis 

11 

<1 day 

Yes 

Yes 

D 

(13 hrs.) 



W. H. 

56 yrs. 

12 

pneumonia 

arthritu. 

5 

17 days 

Yes 

0 

R 

7 

15 

F. A. 

57 yrs. 

20 

pneumonia 

o 

<1 day 

Yes 

Yes 

D 

(6 hrs.) 



-M. B. 

68 yrs. 

23 

5 

p 

7 days 

0 

0 

R 

3 

10 

G. L. 

SO yrs. 

9 

P 

4 

7 days 

0 

0 

R 

2 

8 

W. R. 

81 yrs. 

18 

No focus 
found 

P 

17 days 

0 

0 

R 

21 

28 
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which indicate that low concentrations 
of the antibiotic are found in the cere- 
brospinal fluid, especially when fairly 
large doses are given systemically, par- 
ticularly when meningitis is present.' 
When Schwemlein and his co-workers®^ 
reported that detectable concentrations 
of penicilHn were present in 100% of 
patients who received 20,000,000 units 
or more of penicillin during the course 
of 24 hours by continuous intravenous 
injection, we decided to treat patients 
with 1,000,000 units of penicillin intra- 
muscularly at 2-hour intervals. 

The concentration of penicillin in 
the blood and cerebrospinal fluid was 
determined in the case of 21 patients, 


dose of 20,000 units of penicilhn and 1 
an intrathecal dose of 25,000 units. 
Thirteen patients were given sulfona- 
mides in addition to penicilhn. Eight 
patients died, 6 of them within 24 
hours of the start of therapy. Peni- 
cillin therapy was continued for ap- 
proximately 1 week after the tempera- 
ture made its principal fall and the 
signs of toxicity began to recede, pro- 
vided that the cerebrospinal fluid find- 
ings were improving. The dmation of 
penicilhn therapy in the 13 patients 
who recovered was as follows: 1 pa- 
tient, 6 days; 3 patients, 7 days; 1 pa- 
tient, 9 days; 1 patient, 10 days; 1 
patient, 12 days; 3 patients, 13 days; 1 


TABLE 2. RESULTS OF TREATMENT ACCORDING TO AGE 



Patients Treated with 

Penicillin Systemically 
and by Multiple Intra- 
tbeoal rnieclions 

Patients Treated with 

Massive Doses of Peni- 
cillin Systemically 


Total 

Died 

Total 

Died 

0— 1 Yr. 

4 

3 

3 

3 

1 — 5 Yr.s. 

2 

0 

0 

0 

6 — 10 Yrs. 

0 

0 

0 

0 

11—20 Yrs. 

4 

1 

0 

0 

21—30 Yrs. 

3 

2 

0 

0 

31 — 40 Yrs. 

11 

7 

4 

1 

tl— 50 Yrs. 

17 

11 

4 

1 

.-31—60 Yrs. 

10 

6 

5 

3 

01—70 Yrs. 

11 

8 

1 

0 

71 Yrs. 

4 

3 

0 

0 


GO 

41 (62%) 

21 

8 (38%) 


with and without meningitis, at various 
intervals after beginning the admin- 
istration of the antibiotic. Small 
amounts of penicillin were present in 
all patients within 60 minutes after 
intramuscular injections were be^un. 
After 8 hours tlie spinal fluid concentra- 
tions were between .08 and 1.25 units 
Xrer cc. The concentration of penicilhn 
in the blood immediately prior to an 
injection (i.e., 2 hours after the pre- 
vious injection) varied between 2.5 and 
20 units per cc. 

We have treated 21 patients Mith 
pneumococcic meningitis, using doses 
of 1,000,000 units of penicilhn every 
2 hours (Table 1). Two of tliese pa- 
tients were given a single intrathecal 


patient, 16 days and 2 patients, 17 days. 

The effects of treatment can best 
be evaluated by comparing these pa- 
tients with the 66 patients who have 
been treated by us with multiple in- 
tratlrecal doses of penicilhn. All e.x- 
cept 5 were given systemic penicilhn 
concomitantly in doses which varied 
from 120,000 units to 3,000,000 units 
per day. All except 3 of these pa- 
tients received full doses of sulfona- 
mides systemically in addition. Tht 
2 groups were quite similar in all re- 
spects. As shown in Table 2, both 
series contained a large number of 
patients who were in age groups where 
the prognosis is unfavorable. The pro- 
portion of patients under 1 year of age 
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or over 40 years was 70% and 71% 
for the “multiple intrathecal series” 
and the “massive systemic series” re- 
spectively. From Table 3 it will be 
seen that the somrce of the infection was 
approximately the same in both series. 

Results, Among the 21 patients 
b’eated with massive doses of peni- 
cillin systemically, 8, or 38%, died. 
This may be contrasted to 41 deaths 
among the 66 patients who received 
multiple intrathecal injections, a case 
fatahtyrate of 62%. These differences 
are not quite statistically significant 


had azotemia. He died 12 days after 
the temperature fell and 32 days after 
the start of treatment and was foimd 
at necropsy to have a mahgnant tumor 
of the left kidney with bony metastasis 
and no meningitis. The median day 
on which the temperature fell below 
101° F. was the second day of treat- 
ment. In the same figure, the time 
of temperature fall has been charted 
for the last 19 patients who recovered 
in the series of patients who received 
multiple intrathecal injections. Al- 
though the temperature fell rapidly in 
the case of some patients, in half it 


TABLE 3. RESULTS OF TREATMENT ACCORDING TO SOURCE OF INFECTION 



Patients Treated with 

Penicillin Systemically 
and by Mnltiple Intra- 
thecal Injections 

Patients Treated with 

Massive Doses of Peni- 
cillin Systemically 


Total 

Died 

Total 

Died 

Pneumonia 

.. 23 

16 

5 

0 

Otis and/or 

Mastoiditis 

.. 14 

5 

0 

0 

Endocarditis 

9 , 

0 

o 

0 

Head Injury 

.. 1 

0 

1 

n 

.Source not determined . . 

.. 26 

18 

11 

4 


66 

41 

21 

8 


when tested with the Yates modifica- 
tion of the Chi square method. Never- 
theless, there are other factors which 
make it appear that the use of mas- 
sive systemic doses is superior. If 
the patients who died within the first 
24 hours of the start of penicillin 
therapy are excluded, 2 among 15 pa- 
tients receiving massive systemic doses 
died (13%), and 33 among 58 receiving 
multiple intrathecal injections (57%). 
This difference is statistically signifi- 
cant. 

.Among the patients who recovered, 
tlie patients who received the massive 
doses of penicillin systemically had a 
more rapid drop in temperature. As 
shown in Figure 1, the temperature 
was below 101° F. in 12 of the 13 
patients by the 7th day after the start 
of treatment. The 1 patient who had 
fever above this point for 21 days also 


took 2 weeks or longer to drop below 
101° F. The median for this group 
was 8 days. 

One disturbing factor in the treat- 
ment of meningitis with frequent in- 
trathecal injections has been a pro- 
longed duration of pleocytosis. The 
arbitrary level of cerebrospinal fluid 
leukocytes which we have used as a 
criterion for discharging the patient 
has been 30 per cubic millimeter or 
below, provided that all of the cells 
are lymphocytes. In Figure 2 are shown 
the days on which the ce.lls first reached 
this level. Among the patients treated 
with massive systemic doses the dura- 
tion of pleocytosis extended from 4 to 
32 days, with a median of 8 days. It 
is interesting that the patient who con- 
tinued to have an increased spinal 
fluid leukocyte count for 32 days was 
the one patient in the recovered group 
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who received a single intrathecal in- and Kelsey^® gave 15,000 to 20,000 

jection at the beginning of therapy, units of penicillin per pound of body 

The duration of pleocytosis was defi- weight to 2 infants along with a single 

nitely longer in the group of patients intrathecal dose of penicillin. Both 

who received multiple intrathecal in- recovered. It will be noted that all 

jections, extending from 6 to 103 days of these patients, with the possible ex- 

with a median of 20 days. ception of the last 2, were ti'eated with 

No untoward reactions have been rather small doses of penicillin. The 

observed in the 21 patients receiving concentration of penicillin which one 

12,000,000 units of penicillin every 24 would e.xpect to find in the cerebro- 



Figure 1— Day on which the temperature fell below 101° F in the patients who recovered. 

hours for meningitis, nor in 20 other spinal fluid in these patients would be 
patients to whom we have given the low' if the antibiotic was present at all. 
same or higher doses for other types Whether penicillin must be present in 
of infections. the cerebrospinal fluid to cure pneu- 

. .... mococcic and other infections, so long 

Discussion. Pneumococcic meningitis 

has been treated by means of systemic ^ debatable 

penicillin without intrathecal therapy in The presence of penicillin in 

a few instances. Price and Plodges'" high concentrations in tlie cerebrospin- 
gave doses of 48,000 to 100,000 units fluid, however, makes it likely that 
per day intramuscularly or by continu- it is present also in the adjacent nerve 
ous intravenous injection to 3 patients, tissue. With the dose of penicillin 
Two patients, aged 3 months and 36 which we employed, relatively high 
\'ears, ^recovered. The other patient, concentrations of penicillin are assured 
aged 54 years, died. White and his at all times after tlie first few hours, 
co-workers^^ treated 7 patients, of Further investigation is necessary to 
whom 4 died. Systemic doses did not determine whether the concentration 
exceed 200.000 units per day. Lawson could be increased more rapidly. Pos- 
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sibly this might be accomphshed by 
giving an initial intravenous injection 
of 1,000,000 units over the course of 3 
or 4 hours. Until a suitable method is 
devised for this purpose, it may be the 
wisest policy to give a single initial 
intrathecal injection of 20,000 units of 
penicilHn as soon as the diagnosis of 
pneumococcic meningitis is made, to 
all patients in coma and others who 
appear to be in extremis. In the other 
patients we believe it is advisable to 
refrain from giving intratliecal peni- 


possibility of employing similar large 
doses in infections in serous cavities 
where diffusion is inadequate with the 
doses of penicilHn ordinarily used. 

Sulfonamides do not appear to have 
any value as adjuvants when these 
large doses of penicillin are used. 
Sulfonamides were given to 13 of our 
patients, 7 of whom died. The main 
reason for employing these drugs in 
conjunction with penicillin, namely, 
that they diffuse so well into the cere- 
brospinal fluid, apparently has no sig- 



Figure 2— Day on which the cerebrospinal fluid leukocyte count fell to 30 per cubic milli- 
meter or below, in the patients who recovered. 

cillin, since even a single dose may 
increase the duration of pleocytosis 
and damage in the form of subarach- 
noid adhesions. 

This method of therapy may be ap- 
plicable to other types of purulent 
meningitis such as the staphylococcic 
and streptococcic varities. We have 
had an opportunity to use this regimen 
in only 1 infant with meningitis caused 
by the hemolytic streptococcus. The 
patient recovered. The good results 
obtained in pneumococcic meningitis 
may also justify a re-evaluation of the 


nificance when doses of penicillin are 
employed which insure the proper dif- 
fusion of the antibiotic. 

Summary and Conclusions. 1. Twen- 
ty-one patients with pneumococcic 
meningitis have been treated with 
1,000,000 units of penicillin intramus- 
cularly every 2 hours. Three of them 
received a single intrathecal injection of 
penicillin: the others were given no 
intrathecal therapy. Thirteen patients 
received sulfonamides in addition. 
There were S deaths, a case fatality 
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rate of 38%, compared with 41 deaths 
(62%) among the 66 patients previously 
treated by us with smaller doses of 
penicillin systemically plus repeated 
intrathecal injections of penicillin. 

2. In the patients who recovered, 
the temperature dropped more rapidly 
among those who received massive 
systemic doses than among those who 
were given repeated intrathecal injec- 
tions. Likewise the dui’ation of pleo- 
cytosis was shorter in the former group. 

3. Since the results of massive sys- 
temic penicillin therapy in pneumo- 


coccic meningitis are at least as good 
and apparently better than those ob- 
tained with die conventional systemic 
doses of penicillin plus multiple intra- 
thecal doses, it is recommended that 
all patients with pneumococcic menin- 
gitis be given 1,000,000 units of peni- 
cillin intramuscularly at 2 hour inter- 
vals. Patients in coma or in e.xti'emis 
when treatment is begun may be given 
a single initial intrathecal dose of peni- 
cillin in addition. Sulfonamides do 
not appear to be necessary when these 
doses are used. 

Myrtle Meyer for technical 
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By Harold A. Tucker, M.D.® 
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BALriMORE, MARYLAND 
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Most workers in the field regard 
penicillin as the treatment ot choice for 
the syphilitic pregnant woman because 
of its lack of toxicity, the high propor- 
tion of satisfactory results obtained, and 
the brevity of treatmentd’-'^-^’^'^'^"'^^-^' 
It has been recommended that in this 
situation tlie older methods of therapy 
be abandoned. Our experience has 
grown since 1946^ to include 149 women 
with early syphilis who have been 
treated with penicillin during preg- 
nancy. It is the purpose of this brief 
paper to present the results obtained, 
in terms of maternal and fetal outcome, 
and to emphasize further the desirabil- 
ity of penicillin treatment for the syph- 
ilitic pregnant woman. 

Material and Methods. Between October, 
1943, and March, 1948, 149 women were 
treated with penicillin for concomitant early 
syphilis and pregnancy in the Johns Hopkins 
Hospital.! Twenty-three of these were white; 
126 (85.6%) were Negresses. The original 
diagnosis in 70 patients (47.0% ) was primary 
and/or secondary syphilis. In the majority of 
these Treponema pallida were demonstrated 
under the darkfield microscope. The remainder 
had early latent or early asymptomatic neuro- 
syphilis of less than 2 years’ duration. 

As soon as the diagnosis of concomitant 
pregnancy and untreated early syphilis was 
established, each woman was given treatment 
with penicillin. Jn several, especially early in 
the study when comparatively small total 
amounts of penicillin were administered ( that 
is, less than 3 million units), mapharsen (ap- 


provimately 300 mg.) and bismuth (approxi- 
mately 600 mg. ) were given concurrently. 
When treatment had been completed, each 
patient was followed monthly in a special 
prenatal clinic. Complete examination of tire 
skin and mucous membranes and quantitative 
serologic evaluation were carried out at each 
visit, in addition to routine [prenatal care. In 
the event lesions of mucocutaneous relapse 
(or reinfection) were encountered, if the titer 
remained at a liigh level after treatment 
(seroresistance), or showed a marked and 
sustained rise (serorelapse), retreatment with 
penicilhn was instituted immediately. After 
letreatment, the montlily clinic visits were 
resumed. 

Offspring of tliese mothers were followed 
at monthly intervals for from 4 montlis to a 
year or longer in the Family Syphibs Clinic of 
the Johns Hopkins Hospital with titered sero- 
logic tests and complete physical e.xaminations. 
Roentgenograms of the long bones were ob- 
tained one or more dmes in appro.ximately 
one-third of tliese babies. 

Maternal syphilotherapy, for the majority of 
these patients, consisted of amorphous or 
crystalline penicillin G only; 40% received 
the latter preparation. No difference in out- 
come in tire 2 groups was noted. Although all 
women requiring retreatment had originally 
been given amorphous penicillin, such “treat- 
ment failures” were attributed more to the 
comparatively small total doses these xvomen 
received than to tlie penicillin preparation it- 
self. In Table 1 are presented the amounts of 
antibiotic administered to these women in re- 
lation to the month of gestation when therapx 
w,is begun.! In all patients treated during 
pregnancy tlie antibiotic was given in aqueous 
solution, intramuscularly, at intervals of every 
2 or 3 hours over a period of 7.5 to 15 davi 
on an in-patient basis. 


0 Prciciit .icUlrc-.s UnivtrMtv of SoutliLrn C.ihforiii.T School of .Xlcdicinc, Dept, of B..clenoIoay .-ind 
r.irasitoloi'y, Lo» Aiiaeles 7, Calif. 

fOf tlieio, 31 h.ive since been followed through one or more subbcquent pregnancies wilhont additional 
s>iihilotherapy and h.ive been described ni a separate communication.'^ 

1 Wonii’ii requiring retreatnieiit were entered in the Tables according to the total amount of penicillin 
received during pregn.iiicy .uid month of gestation the last course of penicillin w.as administered. 
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Results. The outcome of each of the 
149 pregnancies is tabulated in Table 2. 
Congenital syphilis was found in none. 
The single neonatal death, due to sickle 
cell anemia, occurred in a full-term 
Negro infant. One abortion took place 
in the 15th week of pregnancy, the 
other 4.5 months after conception. In 
neither was there evidence of syphilis 
and both mothers had completed syph- 
ilotherapy prior to these disasters. 
These women, as well as the mothers 
of 10 of the premature infants, were 


patient had been given 9.6 million units 
of amorphous penicillin in peanut oil- 
beeswax; serorelapses during pregnancy 
required 4.8 and 6.1 million units of 
penicillin G in the 2nd and 9tli months 
of pregnancy, respectively. Two other 
women, following 0.6 and 2.4 million 
units of amorphous penicillin in the 
2nd and 4th months of gestation, un- 
derwent serorelapse and required 1.2 
and 3.1 million units of additional am- 
orphous penicillin during the 5th and 
9th months, respectively. In all other 


T.\ble 1. — Penicillin Syphilothehapy Given to 149 Women, by Month of Gestation Dubing 

Which Theatment was Started. 


Total amount penicillin Number of patients Month of gestation 


administered (milhons of 
units) 


1 

2 

3 

4 

5 

6 

7 

8 

a 

0.6 to 1,0 

1 

- 


_ 

1 





- 

1.0 to 2.0 

19 

2 

1 

3 

4 

4 

1 

2 

2 

- 

2.0 to 3.0 

25 


1 

3 

1 

3 

s 

4 

2 

3 

3.0 to 4.0 

S 

1 

2 

- 

2 

- 


1 

1 

1 

4.0 to 5.0 

91 

- 

3 

5 

9 

17 

20 

15 

12 

10 

> 50 

5 

- 

- 

1 

- 

1 

- 

- 


3 

Tot.Tl 

149 

3 

7 

12 

17 

25 

29 

22 

~\ 1 ~' 

17’ 


originally treated for primary and, or, 
secondary syphilis. In none of the 16 
infants born prematurely could either 
maternal disease or penicillin therapy 
be incriminated as the cause of pre- 
maturity. The incidence of prematurity 
in this study (10.7%) probably did not 
dilfer significantly from the e.xpected 
incidence in a similar but non-syphilitic 
group of mothersb 

Indication for retreatment arose in 6 
pregnant women (4%). Two women 
originally treated prior to these preg- 
nancies with 3.6 and 0.8 million O.xford 
units, underwent serorelapse. Retreat- 
ment with 3.6 million units of amor- 
phous penicillin during the 5th and 7th 
months of pregnancy, respectively, ef- 
fectively prevented (or cured) con- 
genital syphilis in the offspring. An- 
other woman, treated prior to preg- 
nancy with 2.4 million units, required 
retreatment with 4.8 million units of 
penicillin G because of infectious re- 
lapse (reinfection ?) during the 3rd 
month of gestation. One non-pregnant 


patients, the intensive routine of pre- 
natal examinations did not disclose in- 
dications for retreatment. 

Data concerning the maternal titer 
and the serologic titer of the infants 
cord blood were available in 67 rec- 
ords. In 24 of these the mother was 
seropositive, the cord blood negative; 
the maternal titer was, as a rule, in the 
range of 1 to 8 Eagle units. In 30 rec- 
ords the maternal and cord blood de- 
terminations were both positive. In 2 
of these tire maternal and infantile tit- 
ers were identical but in the remainder 
the cord blood titers were lower than 
the maternal ones, which tended to be 
in the range of 4 to 16 Eagle units or 
higher. Twelve mothers who were sero- 
negative had seronegative babies and 
in a single instance such a mother had 
a seropositive baby. Repetition of this 
infant’s serologic test in the first week 
of life yielded a negative test which 
was repeatedly confirmed thereafter. 
These resembled data reported Irv 
others--*®'^'. 
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Of those born alive, 48 infants 
(32.6%) were seropositive in the cord 
blood or at the time of the first visit 
to the Family Syphilis Clinic. In many 
of these it was impossible to tell when 
reversion to negative took place, within 
wide limits, because of long intervals 
between e.xaminations. Two, however, 
were seropositive when tested between 
71 and 80 days after birth and reverted 
during the next 10-day period. The 
most persistent seropositivity was ex- 
hibited by a Negro baby whose mother 


probably occurred in these babies, but 
that the penicillin administered to the 
mother had effected cure of the fetal 
disease. These data, together with the 
unusual serologic findings mentioned 
previously, will be elaborated in a later 
communication^. 

Discussion. Data obtained in this 
study support strongly the belief tliat 
penicillin is the treatment of choice for 
the syphilitic pregnant woman. These 
results, obtained in women with syph- 


Table 2. — Classification of Phogeny of 149 Mothers, by A.mount of Penicillin Syphilotherapy 

Given Dohing Pregnancy. 


Total amount penicillin adininistered 
(millions of units) 


Non-syphilitic 


Sj-philitic 

Full term 

Premature 

•■tbortion 

Neonatal death 

O.G to 1.0 

1 

- 

- 



1.0 to 2.0 

13 

3 

2 

1 

- 

2.0 to 3.0 

23 

2 

- 

- 

- 

3.0 to 4.0 

G 

2 

- 

" 

- 

4.0 to 5.0 

84* 

8 

- 


- 

:^5.o 

4 

1 

- 

- 

- 

total” 

131 

IG 

2 

1 

0 


*liicluding one set of twins 


(treated during the 5th month of preg- 
nancy) had a titer of 32 Eagle units 
at the time of delivery; the cord blood 
was positive in a titer of 8 units. Nine 
subsequent serologic tests were posi- 
tive, in gradually falling titer, the last 
one being obtained 101 days after birth. 
When next examined, 20 days later, he 
was seronegative. Several roentgeno- 
grams of the long bones were normal 
and he has remained clinically well 
throughout the first year of life. Every 
survivor in this group of infants born 
of penicillin-treated mothers with early 
syphilis had become seronegative by 
the end of the 4th month of life. 

One or more roentgenograms of the 
long bones were taken in 54 infants. 
In the majority of these (77.8%) the 
osseous structures were described as 
normal. In 12 infants, however, changes 
compatible with osseous congenital 
syphilis were noted. These findings 
were interpreted by ns as healing or 
regressing lesions and were considered 
evidence that in utero infection had 


ilis of less than 2 years’ duration are 
entirely applicable to those with late 
syphilis^. Since penicillin, like arsenic 
and bismuth, has been repeatedly 
shown to penetrate the placental bar- 
rier at any time after the 10th week of 
gestation, it is reasonable to assume 
that the antibiotic, administered to the 
mother may function eitlrer to prevent 
transmission of the disease to the fetus 
or to effect cure of the fetus once con- 
genital syphilis has been established*-. 
Three lines of evidence support the 
contention that the fetal disease may 
be cured as well as prevented: 

It made no difference when in preg- 
nancy penicillin was administered (see 
Table I), in so far as the incidence of 
infantile congenital svphilis was con- 
cerned^. In this study. 73.4% of the 
patients were treated during or after 
the 5th month of gestation. Although 
these fetuses mav have been infected, 
syphilotherapy after birth was neces- 
sary in none. 

The second observation showing that 

o 
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in utero disease may be attacked by 
maternal penicillin treatment, was that 
infants born of 12 mothers (all treated 
during or after the 5th month) had 
radiographic changes compatible with 
the residuals of osseous congenital 
syphilis'*. All remained clinically well 
in the absence of syphilotherapy, and 
all became seronegative within the first 
4 months of life. 

The third factor was that several of 
the infants exhibited a marked persist- 
ence of reagin. This phenomenon has 
recently been encountered by other 
workers*-. Ordinarily, “the maximum 
length of time for which maternal re- 
agin has been observed to persist in the 
blood of a normal infant is 70 days”®. 
In this series 2 infants were shown to 
undergo seroreversal between 81 and 
90 days of life, and one between 101 
and 121 days. This was interpreted by 
us as probably being due to additional 
reagin actively elaborated by these 
fetuses as a consequence of congenital 
syphilitic infection. Such infants would 
be analogous to adults treated for early 
acquired syphilis who usually require 
6 months or longer to achieve sero- 
negativity after adequate syphilo- 
therapy. 

Within wide limits, the total amount 
of antibiotic administered to the women 
in this series, or whether crystalline 
penicillin G was employed, did not 
appear to influence materially the out- 
come of pregnancy. On the other hand, 
no patient who was given 4 million 
units or more recjuired retreatment. It 
is our feelinii, therefore, that a total 
amount of penicillin of 4.8 million units 
or more, without supplementary metal 
chemotherapy, is entirelv aderpiate for 
the treatment of earlv (or late) syphilis 
in the mother, the prevention of trans- 
mi-ssion of syphilis to the uninfected 
fetus, and the cure of congenital syph- 
ilis in the fetus if infection has already 
taken place. This statement implies 


concentrated prenatal and post-partum 
follow-up care. 

Relapse or reinfection may occur at 
any time and intensive follow-up rou- 
tines should be adhered to in order to 
eliminate effectively congenital syphilis. 
Even though healthy babies may be 
born of mothers treated late in preg- 
nancy, the presence of T. pallida in the 
fetuses for one or more months can do 
nothing but harm. Therapy should be 
instituted at the earliest possible mo- 
ment after the discovery of relapse or 
reinfection in the pregnant woman. By 
prompt retreatment, damage to the 
fetus should be minimized 

Summary. Between 1943 and March, 
1948, 149 women with concomitant 
early syphilis and pregnancy were 
treated with penicillin at the Johns 
Hopkins Hospital in total amounts 
ranging from 0.6 to over 5 million Ox- 
ford units. In all cases the antibiotic 
was given in aqueous solution, intra- 
muscularly, every 2 or 3 hours for 7.5 
to 15 days. Six women (4%) required 
retreatment witli penicillin for relapse 
or reinfection, seroresistance, or sero- 
relapse. Nearly three-quarters of all 
patients were treated after the 4th 
month of gestation. 

Two abortions occurred; in neither 
could syphilis or maternal penicillin 
administration be implicated. Sixteen 
infants were premature but survived. 
The remainder were full-term infants, 
one of whom died of sickle cell anemia 
during the neonatal period. On the 
basis of clinical, serologic, and, or, ro- 
entgenologic evidence through the first 
4 months of life or longer, treatment 
for infantile congenital syphilis was in- 
dicated in none. 

These data furnished additional evi- 
dence that penicillin, combined with 
intensive post-treatment serologic and 
clinical study, is the current treatment 
of choice for the .syphilitic pregnant 
woman. 



PENICILLIN SYPHILOTHERAPY ADMINISTERED DURING PREGNANCY 


1()1 


REFERENCES 

1. Aron, H. C. S., Barton, R. L., and Bauer, T. J.; Arch. Dermat. and Syph„ 56, 349, 1947, 

2. Barnett, C. W., and Read, J. M.: Calif. Med., 68, 432, 1948. 

3. Frazier, C. N.: Te.xas State J. Med., 42, 372, 1946. 

4. Goodwin, M, S., and Moore, J. E,: J. Am. Med. Assn., 130, 688, 1946. 

5. Goodwin, M. S., Fien, I., and Tucker, H. A,: Unpublished data. 

6. Hill, A. J., Jr., Platou, R. V., and Kometani, J. T.: J. Pedial., 30, 547, 1947. 

7. Ingraham, N. R., Jr., Stokes, J. H., Beerman, H., Lentz, J. W., and Wammock, 
V. S.: J. Am. Med. Assn., 130, 683, 1946. 

8. Moore, J. E.: Cincinnati J. Med., 29, 263, 1948. 

9. Moore, J. E.: The Modern Treatment of Syphilis, 2d ed., p. 474, Springfield, 111., 

Charles C Thomas, 1943. 

10. Olansky, S., and Beck, R.: Am. J. Syph., Conor, and Ven. Dis., 31, 51, 1947. 

11. O’Leary, P. A.: Journal-Lancet, 68, 96, 1948. 

12. Speiser, M., Flaum, G., Moon-Adams, D., and Thomas, E. W.: J. Ven. Dis. Inform., 
28, 108, 1947. 

13. Tucker, H. A.: Am. J. Syph., Conor., and Ven. Dis. In press. 



NITROGEN MUSTARD THERAPY 


The Use of Methyl Bis (B Chloroethyl) Amine Hydrochloride 
IN Hodgkin’s Disease, Leukemia, Lymphosarcoma and Cancer 

OF the Lung 
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attending physician 
jersey city, new jersey 

(From the Departments of Medicine, Greenville Hospital, and The Medical Center) 


The first clinical trial of a nitrogen 
mustard as a therapeutic agent in the 
tieatment of neoplastic diseases was 
made by Gilman, Goodman, Lindskog 
and Dougherty' in 1942. These in- 
vestigators administered tris (y3 chloro- 
ethyl) amine hydrochloride intraven- 
ously to 6 patients in the terminal 
stages of various neoplastic diseases. 
In 2 patients with lymphosarcoma, the 
drug caused a rapid dissolution of 
large tumor masses. These gratifying 
results led to the further clinical in- 
vestigation of this drug and also of 
methyl bis (/3 chloroethyl) amine hy- 
drochloride in neoplasms involving the 
lymphoid and hemopoietic tissues.*’^’'*-'' 

This paper is concerned with the 
use of methyl bis (/? chloroethyl) amine 
hydrochloride in cases of Hodgkin’s 
disease, leukemia, lymphosarcoma and 
carcinoma of the lung. Eleven of these 
cases are included in a report which 
will be published by the National Re- 
search Council. In tliis communication 
observation on the use of the drug in 
*29 additional patients will be reported. 

Method. .Methyl bis {fi chloroethyl) 
amine iiyclrochloride was administered in- 
tr.ivenously at a daily dose of .1 mg. per 
kg. of body weight. A course of treat- 
ment consisted of -1 consecutive daily in- 
jections'. When marked changes in the 
iilood were noted, the course was inter- 
rupted .md subsequent injections were 
given at intervals of 2 to 4 days. The 
solution was freshly made by injecting 
10 cc. of a sterile isotonic solution of 
sodium chloride in a vial containing 10 
mg. of the dnig. The injection was given 
immediately after the solution w.xs pre- 
f 102) 


pared. In a few patients the injecrion 
was given directly into a vein with a 
syringe. In the majority of the patients 
the solution was injected with a rubber 
tubing during a course of saline infusion. 
Special care was taken to prevent e.vtra- 
vasation of the solution and prolonged 
contact with the skin. Additional courses 
were given at 2 to 16 week intervals de- 
pending upon the response to the nitrogen 
mustard and the hematological effect. 
Complete blood counts were made before 
treatment and at frequent intervals after 
the injection. In selected patients repeated 
sternal marrow aspirations were performed. 

Results. The pertinent data of each 
patient treated are tabulated in Table 

1. A summary of the results of treat- 
ment in each group is given in Table 

2 . 

Hodgkin’s Disease: Thirteen patients 
with this disease were treated with 
nitrogen mustard; 11 had previously 
had Roentgen-ray therapy. In 11 of the 
13 patients, the drug produced remis- 
sions lasting from 6 weeks to 19 months. 
Seven of the 11 patients were taken to 
be Roentgen-ray resistant. In these 11 
patients, a course of nitrogen mustard 
resulted in a moderate to marked gen- 
eral improvement in health. The tem- 
perature was lowered or became nor- 
mal, the appetite improved, the lymph 
nodes regressed, and pruritus dimin- 
ished. In 3 patients the liver and 
spleen became smaller and in 2 pa- 
tients the amount of involvement of 
lung parenchyma ivas reduced. Die 
response was estimated as good in 6 
and fair in 5 patients. One patient 
(Case 2) had llodgkin's disease for 8 






of disease 
hetore 
lINiHCL 
therapy 

Prcriojia 

Condition 
of patient 
before 

iVo. of 
courses 

Duration 
of remis- 
sion (range 

General 

('a.sc Same Age Sex 
HODGKIN’S DISEASE 

(mos.) 

therapy 

therapy 

giren** 

in 71104.) 

respotue CommeiAf 

K R.G. 

31 

K 

21 

x-ray 

poor 

3.25 

1 ..5-2 

fair 

Died 9 mos. .iftcr initiation 
of treatment. 

N.13. 

11 

M 

00 

x-ray 

poor 

1 

1!) 

good 

Continues in remission; re- 
turned to his occupation. 

3* G.K. 

37 

K 

1 1 

x-ray 

fair 

o 

3-11 

good 

Continues in remission of 
11 mos.; returned to her 
occupation. 

4* B.W. 

10 

M 

84 

None 

fair 

1 

12 

good 

Continues in remission; re- 
turned to his occupation. 

5 L.K. 

12 

M 

30 

x-ray 

poor 

4 

2-0 

fair 

Died 10 mos. after initia- 
tion of treatment. 

(1 G.S. 

38 

K 

25 

x-ray 

fair 

o 

1-7 

fair 

Continues in remission of 
4 m9s. 

7 S.R. 

11 

M 

30 

x-ray 

poor 

3 

1-3 

fair 

Continues in remission of 
3 mos. 

8 C.iM. 

3!) 

K 

48 

x-ray 

poor 

1 

None 

poor 

Died 6 wks. after initiation 
of treatment. 

!) H.15. 

53 

M 

21 

x-ray 

fair 

o 

3-5 

good 

Continues in remission of 
5 mos.; returned to his 
occupation. 

Continues in remission of 
3 mos.; returned to her 
occupation. 

10 K.L. 

25 

F 

5 

None 

poor 

o 

1-3 

good 

11 L.B. 

11 

F 

10 

x-ray 

poor 

o 

2-0 

good 

Continues in remission of 
G mos. 

12 G.K. 

18 

M 

18 

x-ray 

fair 

I 

3 

fair 

Continues in remission. 

i;i K.K'. 

CIIKONIC 

40 O'O x-ray 

LYiArPHATIC LEUKEMIA 

poor 

1 


poor 

Died I mo. after initiation 
of treatment. 

11 II. K, 

51 

M 

21 

x-ray 

fair 

o 

3 

fair 

Failed to respond to a 'ind 
course; died G mos. after 
initiation of treatment. 

15 D.G. 

12 

K 

8 

None 

fair 

I 

7 

good 

Continues in remission. 

10 .V.M. 

50 

JI 

00 

x-ray 

poor 

2 

— 

poor 

Died f mos. after initiation 
of treatment. 

17 S..I. 

18 

F 

30 

x-ray 

fair 

o 

1 5 

fair 

Failed to respond to a 2n<l 
course; died 4 mos. after 
initiation of treatment. 

18 B.G. 0(1 M 

.\CUTE LV.MKH.VTIC ] 

12 x-ray 

LEUKE.MIA 

poor 

1 


poor 

Patient still living; condi- 
tion is poor. 

1!) S.L. 

CIIIIONIC 

12 M 2 None 

MYELOGENOUS LEUKEMIA 

poor 

1 


poor 

Died I mo. after initiation 
of treatment. 

90* E.ll. 

33 

K 

40 

x-ray 

radio-active 

phosphorus 

poor 

1 

None 

poor 

Died i mos. after initiation 
of treatment. 

21 A.n. 

31 

^I 

30 

x-ray 

poor 

2 

1 5 

fair 

Failed to respond to a 3nd 
course of IINjHCLj died 

3 mos. after initiation of 
treatment. 

22 B.J, 

50 

F 

18 

None 

fair 

1 

.None 

poor 

Patient is now receiving 
x-ray therapy. 

23 II.S. 

38 

M 

24 

None 

poor 

a 

2-3 

fair 

Continues in remission of 

3 mos. 

21 A.P. 10 F 

EYMPIIOSAUCOMA 

53 

x-ray 

poor 

3 

None 

poor 

Died mos. after initiation 
of treatment. 

25 B.L. 

10 

JI 

20 

x-ray 

poor 

2 

— 

poor 

Died i mos. after initiation 
of treatment. 

20 M.W. 

18 

F 

0 

None 

fair 

1 

5 

good 

Continues in remission. 

27 II.U. 

03 

M 

15 

x-ray 

poor 

e 

— 

poor 

Died 4 mos. after initiation 
of treatment. 

28 L.P. 

28 

M 

12 

x-ray 

fair 

1 

3 

good 

Continues in rernix’^ioii. 

21) K.G. 31 

CARCINOMA OF 

F 

THE 

18 x-ray 

LUNG (SQUA.MOU.S 

poor 

CELL) 

1 


Iioor 

Died 3 mos. alter initiation 
of treatment. 

30* B.P. 

05 

.M 

10 

None 

fair 

2 

— 

poor 

Died S mos. after initiation 
of treatment. 

31* G.G. 

17 

M 

8 

None 

fair 


I 5 

fair 

Failed to respond to a ^nd 
course; died 7 mos. after 
initiation of treatment. 

32* A.H. 

71 

.M 

12 

x-ray 

piM>r 

1 

— 

poor 

Died 4 mos. after initiation 
of treatment. 

33* -M.K. 

55 

K 

IS 

None 

poor 

I 

— 

poor 

Died i mos. after initiation 
of treatment. 

31 H.T. 

18 

M 

0 

x-ray 

fair 

1 

““ 

poor 

Patient !■» atill li\ing: con- 
dition is poor. 

35 F..M. 

00 

M 

15 

x-ray 

fair 


— 

poor 

Died 1 mo. after initiation 
of treatment. 

30 A.C. 48 

CARCINOMA OK 

M 

THE 

1 None fair 

LUNG (ANAPLASTIC) 

1 


poor 

Patient now receiving x-ray 
therapy. 

37* S.W. 

51 

.M 

G 

None 

poor 

2 

a 

g<M>d 

Failed to respond to .a :^nd 
course; dicil ^ mos. after 
initiation of treatment. 

3S- ll.N. 

73 

K 

U 

x-ray 

poor 

I 


poor 

Died ^ mos. after initiation 
of treatment. 

3!) K.O. 

50 

M 

G 

x-ray 

fair 



poor 

Patient is still lining; con- 
dition is poor. 

10 G.l). 

12 

M 

7 

x-ray 

poor 

1 



poor 

Patient is still living; con- 

♦ Includcii in report to be publiahed by the Nations] Reteuch Council 
*♦ Course ”• 4 iajcclionj ol 0.1 mg. per kg. for 4 dose* 
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TABLE .2. SUMMARY OF RESULTS OF TREATMENT WITH NITROGEN MUSTARD 


Total No. of Cases 

Uodifkins 

Disease 

13 

Leukemia 

Lymphaiic MyeloQtnous 

C 0 

Lympho^ 

sarcoma 

5 

Cancer of 
the Lunij 

11 

Male 

7 

4 

2 

3 

10 

Female 

6 

2 

3 

2 

1 

Average Age (yrs.) 

42 

50 

39.6 

3~6 

55.7 

Range 

25—58 

42-66 

31-56 

18-63 

42-73 

.Average Duration of Disease (mos.) 

36 

28.2 

34.2 

14.2 

9.4 

Range 

5-96 

2-60 

18-53 

6-20 

4-18 

No. Previously Treated with x-rays 

11 

4 

3* 

4 

6 

No. Initially Treated with HNaHCL 

0 

2 

2 

1 

5 

No. of Courses Given (Range) 

1-4 

1-2 

1-3 

1-2 

1-3 

Results 

Good 

6 

1 

None 

o 

None 

Fair 

5 

2 

2 

None 

2 

Poor 

o 

3 

3 

3 

10 

Average Duration of Remission (mos.) 

4.8 

3.8 

2.1 

4 

o o 

Range 

1.5-19 

1.5-7 

1.5-3 

3-5 

1.5-3 

No. of Patients Living Since HNaH.CL 

was Started 

9 

0 

o 

0 

1 

No. of Mos. Living Since HNjHCL 

was Started 

3-18 

2-7 

1-3 

3-5 

2-4 

No. of Patients Dead Since HNjHCL 

was Started 

4 

4 

3 

3 

7 

Duration of Life Since HNiHCL 

was Started (mos.) 

1-8 

1-4 

2-3 

2-4 

1-7 


One patient received radio-active phosphorus in addition to x-rays. 
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Fig, L— Course of a p.itient witlr Hodgkin’s disease (case 1) under Roentgen-ray and inust.ird 
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years and no longer responded to 
Roentgen-ray therapy. Before nitrogen 
mustard was given, this patient was an 
invalid because of paraplegia. One 
month after a course of nitrogen mus- 
tard the patient was able to return 
to his occupation. He is now in a 
remission which has lasted 19 months. 
Two patients who were Reated in 
the late stages of the disease did not 
respond to nitrogen mustard. Two 
of the 11 patients who showed a re- 
sponse died of an extension of the dis- 
ease within 9 to 10 months after nitro- 
gen mustard therapy was begun. Five 
of the 1 i patients are now able to carry 
on their occupations. 

The following case history, although 
it does not represent the best results 
obtained from nitrogen mustard, is 
given because it illustrates the compara- 
tive effects of this drug and those of 
Roentgen rays in a patient with a viru- 
lent type of Hodgkin s disease. 

Case History: Case 1. R. G., a 30 
year old female was admitted to the 
Greenville Hospital on December 10, 
1945, with the chief complaint of pruritus, 
cough, fever and weakness. One year 
prior to admission, the patient developed 
a generalized pruritus and felt weak. 
Ten months before admission, she began 
to have a fever for which she was given 
sulfa drugs. The fever, however, persisted 
and the pruritus increased in intensity 
until admission to the hospital. 

Physical e.vamination disclosed areas of 
pigmentation over the body and the e.v- 
tremities. A very small lymph node was 
felt in the right supraclavicular region. 
There was flatness to percussion below 
the angle of the right scapular. Vocal 
fremitus was absent over that area and 
the breath sounds were diminished. The 
heart was displaced to the left. The 
temperature was 102.2° and the pulse 
rate was 112. 

The urine was normal. 

A blood count showed hemoglobin 
7450 , red blood cells 4,200,000, white 
blood cells 11,400 (neutrophils S4^; 
lymphocytes monocytes 6^; eosino- 
phils ij'o and myelocytes l^). The 


platelet count was 780,000 per cu. mm. 
A chest plate showed a homogeneous 
density extending from the level of the 3rd 
rib to the base. Thoracentesis resulted 
in the removal of 1000 cc. of clear 
yellow fluid. A biopsy of the right 
supraclavicular gland showed Hodgkin's 
disease. 

Radiation therapy was given during the 
period of December 20, 1945 to October 
14, 1946 (Fig. 1). Following a course of 
1200r to the mediastinum, the patient 
felt much worse. The cervical. a.xillary 
and inguinal glands became enlarged and 
the temperature was higher. She was 
then given lOOOr to the right and left 
cervical regions, 500r to the right and left 
inguinal regions, 300r to the right and left 
axillary regions, and 800r to the medias- 
tinum. The response was poor. In May, 
1947, the liver and spleen became palpable. 
She received another course of lOOOr to 
the right and left cervical regions and 900r 
to the mediastinum. The liver and spleen 
gradually became larger and the patient 
developed ascites and edema of the lower 
extremities. 

Nitrogen mustard therapy was initiated 
on November 7, 1946. Methyl bis (/? 
chloroethyl) amine hydrochloride, ,1 mg. 
per kg. of body weight, was injected in- 
travenously by the direct route for 4 
consecutive days. Nausea and vomiting 
occurred 2 hours after the injection and 
lasted for 4 hours. Three days after the 
course was completed the temperature 
was lower and the appetite was improved. 
The peripheral glands began to regress. 
Another course of nitrogen mustard was 
given during the period of December 4 
to December 7, 1946, inclusive. Follow- 
ing the second course, the temperature 
became normal and the enlarged lymph 
glands disappeared. The liver and spleen 
became smaller and the patient felt im- 
proved. The white count fell gradually 
and on December 10 there were 2050 
leukocytes per cu. mm. The platelet 
count fell to 79,000 per cu. mm. One 
week later the leukocytes rose to 3100 
per cu. mm. and the platelet count to 
124,000 per cu. mm. In January' 1947, 
the temperature began to rise again and 
the pruritus increased in intensity. A 
third course of nitrogen mustard was 
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Started on January 17, 1947, and was 
given for 4 consecutive days. The re- 
sponse was fair and a remission was pro- 
duced which lasted for 6 weeks. On 
March 21, 1947, she was given one in- 
jection of nitrogen mustard. The next 
day the leukocyte count fell to 300 per 
cu. mm. and the platelet count fell to 
40,000 per cu. mm. There were 92% 
granulocytes and 8% nongranulocytes. 
Nitrogen mustard was then discontinued. 
The temperature remained high and the 
patient became confined to bed. There 
was, however, no lymphadenopathy. On 
April 14, the leukocyte count rose to 
3850 per cu. ram. and the differential 
count showed 85% granulocytes and 15% 
lymphocytes. On April 18, a platelet 
count showed 120,000 per cu. mm. In 
May, 1947, hirsuties became a prominent 
feature. The patient became markedly 
cachectic, ran a downhill course and died 
July 29, 1947. 

Autopsy showed diffuse involvement 
of the lungs, mediastinum, pericardium, 
pleura and pelvic organs by granulomatous 
tissue. The mesentery and omentum were 
also involved. The right lung was al- 
most completely replaced by granuloma- 
tous tissue. The heart was small and 
showed invasion of the right atrium. The 
liver and spleen showed focal involvement. 
The inferior vena cava was obstructed by 
granulomatous tissue. Microscopic ex- 
amination showed Hodgkin’s disease. 
There was considerable variation in his- 
tologic structure ranging from granu- 
lomatous to sarcomatoid lesions. 

Comment. This patient, with a se- 
vere form of Hodgkin’s disease, be- 
came worse after Roentgen-ray therapy 
was started. Diffuse enlargement of 
the peripheral glands, absent before 
treatment, became a prominent feature 
after the fiist course of Roentgen rays 
w,is completed. Nitrogen mustard pro- 
duced temporary remissions and a dis- 
solution of the enlarged glands. 

l.tukcinuf Six patients with lym- 
phatic leukemia were treated with ni- 
trogen must.ird; o had the chronic type 
and I the acute t\pe of the disease. 


Four of the 6 were previously treated 
with Roentgen rays. In 3 patients re- 
missions were produced varying from 6 
weeks to 7 months in duration. The re- 
sponse was good in 1 and fair in 2 pa- 
tients. One patient with chronic lym- 
phatic leukemia remains in a remission 
of 7 months after one course of nitro- 
gen mustard. Two other patients with 
the same type of disease obtained re- 
missions of 6 weeks to 3 months. These 
2 patients did not respond to a second 
course and died within 4 to 6 months 
after nitrogen mustard was begun. Two 
patients with the chronic type and 1 
with the acute type of lymphatic leu- 
kemia did not respond to nitrogen 
mustard. 

Five patients with chronic myeloge- 
nous leukemia received nitrogen mus- 
tard therapy. Three of these were 
previously treated with Roentgen rays; 
1 patient also received radio-active 
phosphorous in addition to Roentgen 
rays. In 2 of the 5 the response was 
fair. One patient had a remission of 6 
weeks and failed to respond to a second 
course of nitrogen mustard; this patient 
died 3 months after nitrogen mustard 
was begun. Another patient had a re- 
mission of 2 months following the initial 
course and remains in a remission 3 
months following a second course of 
nitrogen mustard. Three patients with 
chronic myelogenous leukemia did not 
respond to nitrogen mustard. 

Lymphosarcoma: Of the 5 patients 
with this disease treated with nitrogen 
mustard, all e.xcept one had previously 
had Roentgen-ray therapy. In 2 pati- 
ents the response was good. One course 
of nitrogen mustard produced in these 
patients remissions of 3 to 5 months. 
The remissions consisted of a feeling of 
general well-being, a gain in weight, 
and a dissolution of the enlarged lymph 
glands. Three patients with lympho- 
sarcoma did not respond to nitrogen 
mustard and died widiui 2 to 4 months 
after the drug was gi\en. 
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Carcinoma of the Lung: Eleven pa- 
tients with carcinoma of the lung were 
treated with nitrogen mustard. In 7 
patients the pathological diagnosis was 
squamous cell carcinoma, in 4 patients 
it was anaplastic carcinoma. One pa- 
tient (Case 37) with anaplastic car- 
cinoma had considerable relief of a 
superior vena cava compression syn- 
drome for 3 months from 1 course of 
nitrogen mustard. He did not respond 
to a second course of nitrogen mustard 
and died 5 months after the drug was 
given. Another patient (Case 31) with 
squamous cell carcinoma had relief of 
chest pain, cough and hemoptysis for 
6 weeks following a course of niti'ogen 
mustard. This patient died 7 months 
after nitrogen mustard was given. 
Nine patients with carcinoma of the 
lung did not respond to nitrogen mus- 
tard. 

Toxic Effects. Nausea and Vomiting: 
This was present in most patients 
treated with nitrogen mustard. It 
usually occurred within 2 to 6 hours 
after an injection and lasted for 3 
to 12 hours. Some patients had nausea 
or vomited only after the first in- 
jection. The nausea and vomiting 
were often followed by a temporary 
improvement in appetite. This was also 
noted in those patients who showed 
no significant response to nitrogen mus- 
tard. Preliminary sedation was effec- 
tive in alleviating the nausea and 
vomiting in a number of patients. 

Venous Thrombosis: Thrombosis of 
die vein at the site of the injection oc- 
curred in the majority of the patients 
ti'eated with nitrogen mustard by the 
direct route. This complication was 
largely eliminated when the drug was 
injected into a rubber tubing during 
an infusion of normal saline. 

Hematological Effects: Changes in 
the blood were usually evident during 
the week following nitrogen mustard 
therap)'. These consisted of a drop in 


the white blood cells associated with a 
reduction in the number of lympho- 
cytes and granulocytes. A reduction 
in the number of platelets was also 
common. These changes usually lasted 
for 2 to 3 weeks. Leukopenic levels 
of 1000 white blood cells or less were 
noted in 4 patients and thrombocy- 
topenia of 60,000 or less was found in 
3 patients. Agranulocytosis and bleed- 
ing tendencies were not encountered. 
A slight reduction in the number of red 
cells and in the amount of hemoglobin 
was noted in a few patients. In some 
cases of Hodgkin’s disease, an anemia 
that was present before ti'eatment im- 
proved following a course of nitrogen 
mustard. 

Summary and Conclusions. A group 
of 40 patients (Hodgkin’s disease, T3 
cases; leukemia, 11 cases; lymphosar- 
coma, 5 cases; and carcinoma of the 
lung, 11 cases) was treated with methyl 
bis chloroethyl) amine hydrochlor- 
ide. Most of them were treated in the 
late stages of the disease and had had 
previous Roentgen-ray therapy. 

In patients with Plodgkin's disease 
remissions were produced from one or 
more courses of nitrogen mustard. 
Dramatic results were observed in a 
few patients who were Roentgen-ray re- 
sistant. In patients with lymphatic leu- 
kemia, myelogenous leukemia and lym- 
phosarcoma the results were not so en- 
couraging. Although remissions of 3 to 
5 months were observed in a few pa- 
tients, the majority of the patients who 
showed a response were dead within 7 
months after nitrogen mustard was first 
given. Nitrogen mustard did not ap- 
pear to be of much value in the treat- 
ment of carcinoma of the lung. 

The most important reaction to the 
use of this drug was its effect on the 
blood. This consisted of leukopenia, 
lymphopenia, granulocytopenia and 
thrombocytopenia. Reco\ ery took place 
in 3 to 4 weeks. Instances of agranu- 
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locytosis and bleeding tendencies were value in Hodgkin’s disease. Its use- 
not encountered. fulness in leukemia, lymphosarcoma, 

From this study it is evident that and carcinoma of the lung remains to 
nitrogen mustard may be of particular be evaluated. 

The author is indebted to Dr. A. J. Gitlitz, pathologist of the Greenville Hospital, and to 
Dr. A. M. Gnassi, pathologist of the Medical Center, Jersey City, New Jersey. 

REFERENCES 

1. Gilman, A., and Philips, F. S.: Science, 103, 409, 1946. 

2. Goodman, L. S., Wintrobe, M. M., Dameshek, Wm., Goodman, M. J., Gilman, A., and 
McLennan, M. T.: J. Am. Med. Assn., 132, 126, 1946. 

3. Jacobson, L. O., Spurr, C. L., Barron, E. S. G., Smith, T., Lushbaugh, C., and Dick, C. F.: 
J. Am. Med. Assn., 132, 263, 1946. 

4. Rhoads, C. P.: Am. Med. Assn., 131, 6'6, 1946. 

5. Wintrobe, M. M., Huguley, C. M., Jr., McLennan, M. T., and De Carvalho Lima, L. P.: 
Ann. Int. Med.. 27, 529, 1946. 



DEATH DURING SKIN TESTING 
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Sudden death during diagnostic skin 
testing, it is - believed, is sufficiently 
rare and disconcerting to warrant the 
report of another case. In our experi- 
ence many physicians, who have not 
specialized in the practice of allergy, 
frequently employ diagnostic skin tests, 
and it is doubtful if many fully appre- 
ciate the hazards inherent in the pro- 
cedure. 

Anaphylactic shock and death in 
human beings has been reported from 
time to time, but the probability is that 
the number of such published reports 
inadequately reflects the real incidence 
of these episodes. Cook® in 1922 called 
attention to reports of violent reactions 
and sudden death that had been accu- 
mulated in the literature. Rosenau and 
Anderson-® in 1906 reported 19 fatal 
cases; Gillette in 1909, 30 cases. Lam- 
son^® in 1924 reviewed the literature 
back to 1894, the year diphtheria anti- 
toxin came into use. He found 41 in- 
cidences of anaphylactic death in hu- 
man beings. Vaughan and Pipes-® in 
1936 added 22 cases, and Swineford-’ 
in 1946, 7 cases. It should be observed 
that the great majority of these acci- 
dents occurred in the course of once 
popular serum therapy and were at- 
tributable to sensitization to horse se- 
rum. 

Death from skin testing has been 
previously reported, as far as we have 
been able to determine, only 10 times. 
In only 3 cases were autopsies per- 
formed. In 1922 Cooke® reported tlie 
death of a 3 year old asthmatic child. 


occurring in 3 minutes after an inti'acu- 
taneous test with 0.01 cc. of LePage 
Glue (0.1 mg. N/cc. ). The symptoms 
were urticaria, edema, cough, dyspnea 
and cyanosis. In 1924 Lamson^® re- 
ported the death in 2 y 2 hours of a 
child with eczema after the injection 
intracutaneously of 0.05 cc. of egg 
white (0.15 mg. N/cc.) Cyanosis 
and edema characterized the epi- 
sode. In 1928 Baagoe® reported death 
after sudden collapse in dyspnea of 
a patient who had received a test dose 
of 0.1 cc. of egg white. In 1929 Lam- 
son^^ again reported the death of an 
asthmatic man, 34 years old, occurring 

5 minutes after an intracutaneous test 
dose of 0.02 cc. of 1-500 buckwheat 
solution. The symptoms were cyanosis 
and dyspnea. In 1935 Freedman^® re- 
ported the death of an asthmatic child 

6 years of age, in 8 minutes after re- 
ceiving 0.05 cc. of horse serum intra- 
cutaneously. The symptoms were urti- 
caria, cyanosis and abdominal pain. In 
1940 Ferguson® had a similar experi- 
ence when 0.18 cc. of anti tetanus se- 
rum was injected as a test intracutane- 
ously into a 6 year old boy. Bloody mu- 
cous e.xpectoration, dyspnea and urti- 
caria preceded death 2 hours later. In 
1942 Vance and Strassmann®® reported 
the deatli of a 4 year old asthmatic girl 
with cyanosis, shock and coma occur- 
ring 3 minutes after skin testing with 
silk, wool and kapok. In 1943 Hunt*^ 
tested a 22 year old astlimatic woman 
with 0.2 cc. of guinea pig hemoglobin 
in saline. Death occurred in 10 min- 

( 109 ) 
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utes. Cyanosis and dyspnea were the 
symptoms. Wiseman and McCarthy- 
Brought- reported in 1945 the case of 
a 78 year old woman with life-long 
asthma who developed cough, dys- 
pnea, cyanosis and coma and suc- 
cumbed in 15 minutes after 17 intra- 
dermal tests in doses not greater than 
0.02 cc. Six years before this she had 
been tested with similar extracts with- 
out untoward effects. Swineford in 
1946^1 reported a case of a 49 year old 
woman with asthma who died 15 min- 
utes after the onset of apprehension, 
cyanosis and dyspnea in the course of 
multiple skin testing. The offending 
antigen was not discovered. 

Case Report. Mrs. Z. V. M., a white 
woman, aged 57, was referred for allergic 
study on account of asthma which she had 
had perennially with fall e.xacerbations since 
onset in 1914. At that time she was living in 
a damp mining town. In .Me.xico, where she 
ne.\t lived from 1924 to 1938 at an altitude 
of 6,500 feet, she had very few symptoms. 
She was especially free in the dry season. 
In 1938 she moved to Te.\as where her symp- 
toms relumed and were considerably worse. 
For the l.ist 3 months (October, November, 
December, 1946) she had lived in Richmond, 
Virginia, where her attacks had become in- 
cre.isingly severe. She had been twice skin 
tested; the Lrst time in June, 1945, in Nash- 
ville, Tennessee, where she gave strong reac- 
tions to cat h.hr, chicken and duck feathers, 
house dust and Bermuda grass. A number of 
other tests were said to have been negative. 
In 193-3 tile basal metabolic rate was said to 
base been minus 9. In 1943 and again in 
1918 electrocardiographic tracings were re- 
potted as normal. Her father had had hay 
feser and migraine; a paternal grandfather, 
hay fever, .isthma and migraine. As a child 
she herself had h.ad frequent head colds and 
attacks of urtic.aria. She later developed symp- 
toms suggestive of migraine. She reported 
tliat her att.icks of asthma responded well to 
psrihearamine or.illy .md to aminophyllin 
Ultras enmrsly. but she was violently opposed 
to the use of adrenahii, stating that it liad 
pioduteil immeili.ile and .il.irming symptoms 
whenever given. 

I’hvsical examination revealed a vvell- 
notircsiud gray-liaired vvcinan, 5 feet 4 inches 


tali, weighing 136 pounds, witli a temperature 
of 98° F., pulse 82, and blood pressure 
170/118. She was in no distress. The heart 
appeared normal, and aside from congestion 
ot tire nasal mucous membrane and diffuse 
wheezes throughout both lung fields, notliing 
of significance was made out The mine was 
normal. Her hemoglobin was 16.3 gm., red 
blood cell count 4,930,000, and white blood 
cell count 8,400, with 67% polymorphonuclear 
leukocytes and 12% eosinophils. The sedi- 
mentation rate was 14 mm. in 60 minutes. 
Nasal blowings contained 5% eosinophils. 

Preliminary scratch tests on the arms to 
groups of trees, grasses, weeds and flowers 
and to cottonseed, flaxseed, condiments, fish, 
moUusks, and egg were all negative. Intra- 
cutaneous tests, using the back, were then 
begun to the common foods, to cat, dog and 
cattle hair, and to chicken and duck feathers,® 
Fifty-six skin tests had been completed witli- 
out any positive reactions, when she suddenly 
complained of air hunger and sat up to get 
her breath. Seen immediately by a physician, 
i er expression was anxious, and she was 
moderately cyanosed. She was obviously hav- 
ing great difficulty getting her breath. Wheez- 
ing respiration was heard over the whole 
chest and the heart sounds were plainly 
audible. She was given 0.5 cc. of epinephrine 
intramuscularly without effect, followed by a 
hypodermic of 1/6 grain of morphine. She 
died 15 minutes after the onset of symptoms. 
In the e.xcitement incident to this unexpected 
reaction, no attempt was made to read the 
skin tests finally, but tlie impression was that 
none of them had been positive. 

An autopsy, perfonned 2 hours after death, 
was limited to the thorax and to tlic examin.i- 
tion of the liver. Both chest cavities were 
filled by strikingly voluminous lungs. The left 
lung was bound to the thoracic wall by' col> 
vveb adhesions. The right lung was firmly 
adherent to the posterior wall of tiie thor.LX 
and to the dome of the diaphragm. Wlien 
removed, both lungs failed to collapse, floated 
high in water, were pale, and markedly em- 
physematous. There were no large blebs on 
their surf.ices. There vvere numerous small 
suhplcur.il hemorrhages over tlie right lower 
lobe. There were submucous hemorrhages 
in the trachea which was pale and free 
of swelling or secretion. The same appear- 
ance vvas observed in the priin.iry and 
second.iiy bronchi. No mucous plugs were 
seen. The heart was norm.il and contracted. 
.Ml tile cavities except the right auricle were 
devoid of blood. Sections of the lung showed 
hyaline thickening of the basement inem- 


*.\!1 evtr.icts Were nude by an experienced technician by the method described by 
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brane, round cell and eosinophilic leukocytic 
infiltration and edema of the walls of the 
secondary bronchi. The infolding of the 
mucous membrane of the bronchi was striking 
and strongly suggestive of spasm as an occlud- 
ing factor. Marked mucin-secreting activity of 
the cells of the mucous membrane of the 
bronchi as %vell as of the mucous glands was 
observed. The lumens of the bronchi were 
partly filled with mucin. Less marked changes 
were observed in the smaller bronchi. Emphy- 
sema was striking. The trachea showed 
edema. The myocardium was normal. 

Discussion. The course of events 
in this case raises several controversial 
questions. The first involves the rela- 
tive advantage and risk of multiple, 
one-sitting skin tests as against what is 
perhaps commoner, the method of se- 
rial testing with a limited number of 
allergens at a time. Pratt in 1938,^® 
from guinea pig experiments, conclud- 
ed that “when either of 2 antigens 
alone is capable of producing moder- 
ate anaphylactic shock in specifically 
sensitized guinea pigs, the sum of these 
antigens in a single dose does not en- 
hance the degree of shock, whereas 
doubling the shocking dose of either 
antigen alone results in an increased 
response.” Waldbott^® at the same time 
observed; “200 or 300 skin tests are of- 
ten given at one sitting and only rarely 
do constitutional reactions occur, in 
spite of tlie fact that many skin tests 
may be positive. If there was an accu- 
mulative effect of antigens, we would 
encounter constitutional reactions on 
skin testing much more frequently.” 
Swineford in 1941-- quoted the above 
and condensed his findings in the con- 
clusion that: “no evidence has been 
found in the literature to support the 
statements that routine multiple skin 
testing is more dangerous than a few 
tests at one sitting.” 

On the other hand it has long been 
a clinical dictum that sensitive indi- 
viduals e.xposed to one antigen are 
much more apt to e.xhibit symptoms if 
subjected simultaneously to another 


antigen to which they are also sensi- 
tive. Thus a ragweed-cat-sensitive child 
may be free of symptoms in August if 
the cat is sent away, and may play 
with the cat with impunity during oth- 
er months of the year. But to play with 
the cat in August is a sure way of pre- 
cipitating an asthmatic attack. In 1922 
Cooke, although unable to prove it, 
thought that a reaction to multiple skin 
testing was “more likely to ensue as a 
result of the sum total effect of all the 
allergens exerting their influence upon 
the same reacting mechanism.” It is not 
unusual during skin testing for a sin- 
gle massive reaction to herald a severe 
constitutional reaction. But this is not 
always the case. A reaction so severe 
as to cause death in a few minutes, as 
in the case reported, may give no 
warning in the degree of reactivity. 
Gay^^ has observed that “skin reactions 
and constitutional behavior do not nec- 
essarily parallel one another.” 

Can epinephrine, a drug so feared 
by the patient on account of previous 
distressing symptoms, have had any- 
thing to do with tlie results? Deissler-” 
has described a case sensitized to 
epinephrine. Occasionally hypersensi- 
tivity followed by major accidents has 
resulted from tlie use of epinephrine. 
Sudden death has resulted from the 
injection of 1 cc. of a 1-1,000 solu- 
tion.® 

Can the employment of morphine in 
this case have contributed to tlie end 
result? There is opposition among al- 
lergists as a group to the use of mor- 
phine in the treatment of asthma. A 
drug which depresses tlie respirator)' 
center and stimulates bronchial spasm, 
however slight, has been regarded as 
a possible determining factor in many 
cases of fatal asthma. But reference to 
the literature of allerg)' on the use of 
morphine in asthma leaves the a\erage 
physician in somewhat of a quandar\'. 
One group of authors unequivocall)' 
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condemns Another recom- 

mends its use with reservationsd*^®’-^ 
While still a third group supports its 
use, Coke^ advising diat “The next step 
to take in cases in which adrenalin is 
without effect is to give an injection of 
morphine. I think it is important to 
give enough morphine.” In Walzer’s 
opinion “morphine is a valuable drug 
for controlling a severe asthmatic par- 
o.xysm.””^ Cooke summarily dismisses 
the question stating that “There are 
many who believe that opium and its 
derivatives should never be used in 
asthma. I do not concur.’"' The employ- 
ment of morphine in our case was a 
mistake. Our own opinion is emphat- 
ically against its use in the treatment of 
asthma of any type. 

The employment of the back in pref- 
erence to the arms as a test site raises 
also the question of relative risk. In 
case of a constitutional reaction, a 
tourniquet can be applied to the e.x- 
tremit)', if the arm has been used, and 
should reduce or delay the absorption 
into the general circulation of a to.xic 
substance injected into the skin distal 
to the point of application. On the oth- 
er hand, it is our belief that by the 
time a toumiquet can be applied, an 
irreversible train of circumstances has 
often been set in motion. .After all, our 
chief reliance in cases of constitutional 
reaction is in epinephrine. The back is 
favored because of convenience. It 
offers a larue area for testin" so that 
test .sites need not be crowded. Injec- 
tions are less painful and the skin of 
this region as shown by Ale.vander and 
MeConneil- is more reactive than the 
arm. This does not imply that consti- 
tutional reactions are more apt to arise 
from such injection sites. There are too 
many factors to be taken into consider- 
.ition to spe.ik dogmatically. When the 
arms are used for preliniinarv' .scratch 
tests, vve believe tliat the employment 
uf the h.iek f<ir intraeut.ineous testini; 


is reasonably safe. By this method we 
have performed thousands of skin tests 
with very few systemic reactions. 

What was the mechanism of death 
in this case? It is not enough to say 
that the patient died of asphyxia result- 
ing from bronchial obstmetion. The 
usual answer is that edema of die walls 
of the small bronchi, plus smooth mus- 
cle spasm, plus mucous plugging of the 
lumens of the bronchi in varying com- 
binations produces the obstruction. 
Edema is so fundamental to human al- 
lergy, and can develop so rapidly as in 
cases of generalized urticaria, that this 
factor, plus the mucous plugs which 
are easy to demonstrate after death, is 
usually regarded as a primary cause 
of fatal bronchial obstruction. On the 
other hand, bronchial spasm is easily 
demonstrated as the essential factor in 
death in guinea pig anaphylaxis. Hu- 
ber and Koessler''* made numerous mi- 
cro measurements and appear to have 
shown hypertrophy of bronchial 
smooth muscle in asthmatic subjects. 
Klemperer'^ reminds us that hyperac- 
tivity of smooth muscle is also funda- 
mental to the allergic reaction and 
need not be associated with any ob- 
v'ious morphological lesion, maintain- 
ing that “the gross anatomy of bron- 
chial asthma shows only the result of 
die spasm of the small bronchioles." In 
the case reported here, as one viewed 
the lungs in the gross and studied the 
sections under the microscope, direct 
evidence of spasm or of extensive ede- 
ma was lacking, unless one is willing 
to accept the infolding of the mucous 
membrane as indicating smooth mus- 
cle contraction of the bronchial walls. 
Mucus in the lumens of the small bron- 
chi was impressive, but aside from this 
the cause of obstruction remained a 
matter of conjecture. 

Summary. A case of death with 
autopsy is reported occurring in the 
course of routine skin tests in a woman 
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who had been safely skin tested on 2 
previous occasions. Death was without 
the warning of at least one massive skin 
reaction and occurred 15 minutes after 
the onset of symptoms. Neither edema 
nor urticaria was manifest and death 


was thought to be the result of as- 
phyxia from bronchial obstruction. The 
effect of multiple intracutaneous skin 
tests applied to the back and the possi- 
ble influence of epinephrine sensitivity 
and of morphine have been considered. 
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STUDIES IN THE RELATION OF THE HEMOLYTIC STREPTOCOCCUS 

TO RHEUMATIC FEVER 
Infection, and Others “t 

V. Streptococcal Anti-Hyaluronidase ( Mucin-clot-pbevention ) Titers in 
THE Sera of Patients With Rheumatic Fever, Streptococcal 
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{Prom The CJiiiclrens Hospital of Philadelphia (Department of Pediatrics, School of Medicine, 
University of Pennsylvania), The Children’s Seashore House for Invalid Children, 

Atlantic Cit>', N. J., and The Philadelphia General Hospital) 

The etiology of rheumatic fever is at tissue, tliat hyaluronic acid, which 
present unknown. Of the recorded characterizes hyalin, is depolynierized 
conical and experimental studies of by hyaluronidase,^^ and that the hemo- 
this disease 2 categories of observa- lytic streptococcus is one of the bac- 
tions, the epidemiologic'^^ and immu- terial species which produces this 
nologic,” have yielded suggestive evi- enzyme.’" 

dence of a possible specific etiologic The effect of streptococcal hyaluroni- 
agent, in both cases the hemolytic dase as a spreading factor in the 
streptococcus, tfowever, extensive in- Hssues of rheumatic subjects has been 
vestigations of the relation between studied elsewhere.® In this investiga- 
this organism and rheumatic fever have tion antibodies to this enzyme have 
failed to point to any constituent or been measured in such patients. Of 
product of the streptococcus which the methods available for measuring 
might be the immediate cause of the this enzyme in vitro the mucin-clot- 
phenomena of rheumatic fever, or to prevention (M.C.P.) test’* was used, 
any mechanism by which such an This test is one of three available 
agent could exert its effects. physico-chemical tests for the activity 

.•\s part of a systematic investigation of hyaluronidase the others being the 
in these laboratories®’’ of the relation turbidimetric and viscosimetric, respec- 
iietween the hemolytic streptococcus tively. The reason for the choice of 
and rheumatic fever, a biologic prop- the .\I. C. P, test and the possible dif- 
erty of the hemolytic streptococcus ferences among the tests are presented 
whicii must be considered is the elsewhere.’ This method has been used 
production of hyaluronidase. This as- for measuring antibodies to clostri- 
pect of the investigation has especial dial” and streptococcal hyaluronidase. 
current interest because the possible In the latter case, Friou and Wenner’ 
role of streptococcal hyaluronidase in have shown tliat many normal luitnan 
die pathoi'enesis of rheumatic fever sera contain neutralizing substances 
h.is been the subject of some recent for streptococcal hyaluronidase. Using 
speculation.” The basis for this spccu- an index which compares the amount 
l.ition lies in the facts that rheumatic of enzyme neutralized by constant 
fi \er is a disease of h\ aline cmmectise amounts of experimental sera, these 

* stiulv ss.is si’.p'iiitti ci liv '.jrJiits ftiiiii ihi- Life Iiisunnce Medical Itoearch Fund .irid 
tcu” Wlutius 

.iru u.iK'htnl U> Dr. A. C. of the PhiLdelpIiia Ifoipital for Corjt.i;:ioHs 

Hiss. fi r to of th<» witii icurlut fever. 
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authors found that of 21 rheumatic pa- 
tients, 20 showed indices of neutraliza- 
tion higher than was normal for that 
age-group. These inhibition ratios wore 
not strildngly different from those 
found in convalescents from strepto- 
coccal infections, 

f,; 

Methods and Materials. Hyaluronic 
Acid. In various stages of the prepara- 
tion and use of this reagent it may be in 
the form of hyaluronic acid or of potassium 
hyaluronate, but for simplification of 
nomenclature we shall make all references 
to it as hyaluronic acid. The method 
used for preparing this substrate was 
adapted from that of McCIean, et al.^^ 
Three modifications of the method they 
described were found to be advantageous: 
(1) The suspension of minced umbilical 
cord was treated in the Waring blendor at 
each extraction, with a resultant marked 
increase in yield of hyaluronic acid; (2) 
the solution of crude hyaluronate was 
poured into the alcohol-potassium acetate 
solution, rather than vice versa. In addi- 
tion to a better precipitation of the hyalu- 
ronic acid an important advantage of this 
modification is the fact that 95% ethyl 
alcohol may be substituted for absolute 
alcohol under these circumstances; (3) the 
clot of hyaluronic acid was minced with 
scissors and allowed to dry in air, in a 
shallow horizontal layer from which the 
ether was removed by suction. 

The hyaluronic acid, as prepared in this 
way, was white or tan in color and could 
be redissolved with ease for testing. The 
average yield was approximately 0.9% 
of the weight of umbilical cords as stored 
in acetone. 

Hyaluronidase. Streptococcal hyalu- 
ronidase was prepared from a suitable 
strain of group A hemolytic streptococcus, 
H,„ which was supplied through the 
courtesy of Dr. Karl Meyer. It was found 
that the culture supernate afforded an 
abundant and simple source of the enzyme, 
so that this was used as starting material, 
rather than extracts of whole streptococci. 
The hyaluronidase-containing material was 
prepared as follows: Three liters of de.\- 
trose broth (Difco) or of a protein-free 
medium described elsewhere, were seed- 


ed with 300 cc. of a 6 hour seed cultme. 
After 18 hours of incubation the culture 
medium in which the streptococci had 
grown was freed of the organism by 
centrifugation and concentrated approxi- 
mately 10 fold by pervaporation overnight. 
The concentrated medium was tlien freed 
of residual streptococci by centrifugation 
at 5000 R.P.M. for 30 minutes and dia- 
lyzed overnight against running tap water. 
After final dialysis against distilled water 
the preparation was desiccated from the 
frozen state and stored at -10° C., not 
m vacuo. It was found that the potency 
ol the preparation remained unchanged 
for many months. 

Pneumococcal and clostridial hyaluroni- 
dase were prepared in a similar way. In 
the latter case thioglycollate medium was 
used rather than dextrose broth. Testic- 
ular hyaluronidase was prepared accord- 
ing to the method of Madinaveitia.^® 

Hyaluronidase and Anti-hyaluroni- 
dase Tests. These tests were performed, 
with minor modifications, according to 
the technic of McCIean, et al.^^ The 
relative volumes of the reagents in the 
anti-hyaluronidase test were suggested by 
technical factors, and by the desirability 
of making the serum dilutions generally 
similar to those used in other serologic 
tests of the same sera in progress at 
the time. The volumes of reagents in the 
hyaluronidase tests were in turn adjusted 
to reach the same total volume as the 
reagents in the anti-hyaluronidase test, 
since the former was essentially used in 
calibrating the neutralization test. 

In the hyaluronidase test, 0.2 cc. of a 
solution of the hyaluronidase preparation 
dissolved in physiologic saline solution was 
incubated with an equal volume of a 
solution of potassium hyaluronate. The 
latter contained 2 mg. of hyaluronic acid 
per cc. in distilled water, with one-six- 
teenth volume of normal horse serum 
added. An additional 0.4 cc. of physio- 
logic saline solution was present in each 
tube. As soon as the enzyme had been 
added to the substrate, the tubes were 
incubated at 37° C. for 20 minutes. 
At the end of that period the tubes were 
quickly transferred to an ice-water bath. 
After 5 minutes of chilling, 0.2 cc. of 2 N 
acetic acid was added to each tube. The 
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racks svere shaken vigorously and the 
clots were read. The appearance of a 
flocculent precipitate was taken as evi- 
dence of essentially complete digestion of 
the hyaluronic acid, a small but single 
fibrous clot was taken as evidence of 
partial digestion, and a mucin clot fully 
as large as that in control tubes without 
hyaluronidase was considered negative for 
hyaluronidase activity. 

In the anti-hyaluronidase test the en- 
zyme was used in 3 times tlie amount 
which caused partial digestion of the 
hyaluronate, or twice the amount which 
caused almost complete digestion. The 
use of a smaller number of units of enzyme 
in the neutralization tests was found to 
cause ragged clots and poorly defined end- 
points. The successive 2 fold dilutions 
of serum, in volume of 0.4 cc. were incu- 
bated for 20 minutes at room temperature 
with 0.2 cc. of the solution of hyaluroni- 
dase. The concentration of tlie latter had 
been adjusted, on the basis of preliminary 
hyaluronidase tests, so that 0.2 cc. con- 
tained 3 units as defined above. The 
hyaluronate-horse serum solution was now 
added as in the case of the hyaluronidase 
test described, and the test was completed 
in the same way. The initial dilution of 
serum corresponding to the last tube 
which showed a full clot was considered 
the titer of the serum. If this tube was 
succeeded by one in which there was a 
smaller mucin clot, rather than a flocculent 
precipitate, indicating partial neutraliza- 
tion, the titer was considered to be half 
.1 2 fold step higher. 

The Preparation oj Sera, The sera 
of newborn infants were prepared from 
blood collected from the umbilical cords 
in the delivery rooms of the Philadelphia 
Ceneral Hospital. The sera of older in- 
f.ints were collected in tiie wards and out- 
p.itient department of The Children s Hos- 
pit.d of Philadelpliia. These infants ranged 
in age from 6 montlis to 3 years. The 
sera representing the antibody levels in 
iiorm.d children were collected at The 
C Inklren’s Hospital of Philadelphia, and 
in loe-al jirn ate schools. The ser.i of > oung 
•uhilts srete toliecled at the Student 
He.ilth Sirviee of the I’niversity of Penn- 
s'. Iv.uu.i, .lud in the .Maternity Wards of 
the Pitil.idelphia Ceneral Hospital. 


For the study of the anti-hyaluronidase 
titer in acute streptococcal disease, blood 
specimens were collected from children 
with scarlet fever at tlie Philadelphia 
Hospital for Contagious Diseases, during 
the first half-week and during the third 
week of the disease. These patients were 
not treated with sulfonamides. In a num- 
ber of these cases, additional specimens 
were drawn 3 weeks or 4 months later. 

In the case of rheumatic patients the 
blood specimens were drawn at weekly, 
bi-weekly, or monthly intervals, depending 
on the severity of the rheumatic process, in 
correlation with the clinical studies to be 
described below. 

Blood specimens were collected with a 
minimum of sodium citrate as anticoagu- 
lant, in order to allow for the determina- 
tion of the erythrocyte sedimentation rate, 
white blood count, and concentration of 
hemoglobin. The plasma was drawn off 
each blood specimen and frozen as soon 
as the tests above had been completed. 
When a specimen was to be tested, it was 
thawed, cleared by centrifugation of the 
fibrinogen which had precipitated on 
freezing, and diluted for the test. A 
single dilution of 1:8 or 1:16 was made 
of each serum, in comparative estimations 
of anti-hyaluronidase and antibodies to 
other streptococcal antigens. 

The Study of the Patients and the 
Criteria of Activity of the Rheunialic 
Process. The rheumatic patients were 
studied in acute, convalescent and quies- 
cent stages of the dise.ase in the institu- 
tions from which this work is reported. 
The patients were e.xamined at least every 
2 weeks while in the acute or convalescent 
wards and at each visit to the clinics. 
Tliese e.xaininations included the follow- 
ing: ,s-i/»ip/o/«s— anorexia, headache, pre- 
cordial, abdominal or arthritic pain, cough, 
dvspnea, and epist.i.xis; physical siyns— 
cardi.ic rate and rhythm, distance of apex 
beat from the midltne, murmurs, with 
distance of transmission of each, and other 
adventitious sounds, palpable thnlls and 
friction rubs, hepatic enlargement and 
edema, rashes, subcutaneous nodules and 
chorea. Diborator)' e.xaminations included 
the erythrocyte sedimentation rate, white 
blood cell count and hemoglobin concen- 
tration. The vit.d capacity w.is usually 
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determined at bi-weekly intervals, and 
electrocardiograms were taken as required. 
The erythrocyte sedimentation rate was 
done by a method described elsewhere.* 
It involved a series of readings of the 
erythrocyte level at 5-minute intervals, 
in order to determine the rate of free fall 
of the coi'puscles, and a correction for the 
relative volume of erythrocytes. 

The patients selected for serologic study 
were, of course, only those in whom the 
diagnosis of active rheumatic fever was 
beyond doubt. All the children who are 
referred to in this paper as active rheu- 
matics had active carditis. 


The amount of hyaluronic acid was 
now kept constant at a level (0.4 mg. 
in 0.2 cc.) which would give an easily 
discernible and substantial clot (half 
that amount barely sufficed to produce 
a small mucin clot) and the concentra- 
tions of enzyme and serum were varied 
simultaneously, in order to ascertain 
the relationship between these two 
reagents. The results of such an e.x- 
periment, as seen in Table 2, show 
that an inverse px'oportion exists be- 
tween the amount of enzyme used, and 
the dilution of serum which suffices 


T.vble 1. Quantitative 

Relations 

BETWEEN HyALUUONIDASE 

AND HyALUBONIC 

ACID 

Hyaluronidase 



Hyaluronic Acid, niq. 



mg.lcc. 

0.8 

0.6 

0.4 

0.3 

0.2 

0.18 

1 

0 

0 

0 

0 

0.13 

1 

0 

0 

0 

0 

0.09 

0 

1 

0 

0 

0 

0.00 

0 

O 

+ 

0 

0 

0.04 

0 

o 

1 

0 

0 

0.0.3 

0 

0 

o 

■+■ 

0 

0.02 

0 

0 

0 

1 

i 

0 

0 

0 

0 


± 


2 = full mucin clot (of native hyaluronic acid) 

1 = smaller clot 
+ = shreds of clot 

0 =: amorphous precipitate (of depolymerized hyaluronic acid) 


Results. Quantitative Relations 
among Substrate, Enzyme, and Neu- 
tralizing Antibody. Preliminary e,\- 
periments were carried out on the 
quantitative relations of the reagents. 
The relation between concentrations 
of hyaluronidase and hyaluronic acid 
was investigated by allowing various 
quantities of the enzyme to act on 
different amounts of the substrate. 
The results of a typical e.xperiment of 
this sort are shown in Table 1. 

The data in Table 1 show essentially 
a direct proportion between the amount 
of hyaluronic acid present in the ’ tube 
and the amount of hyaluronidase re- 
quired to digest it over the narrow 
range in whicli this test was practicable. 
Similar results were obtained by Mc- 
Clean” in the case of testicular hy- 
aluronidase. 


to neutralize it. The end points thus 
fall in a straight line, inclined at 45°, 
which is characteristic of in vitro im- 
munologic neutralizations. In the rows 
which represent the smallest amounts 
of the enzyme, it is seen that the end 
point of neutralization is indistinct. 
For this reason the amount of hy- 
aliu’onidase used in tlie mass serologic 
tests was that corresponding to row C 
in this e.xperiment. 

Reliability of Measurements of Hy- 
aluronidase by the Mucin-Clot Pre- 
vention Test, by Comparison with 
Spreading Potency in the Skin. It was 
mentioned above that of the 3 available 
in vitro tests for hyaluronidase the 
M.C.P. test was chosen because it was 
more suitable for adaptation to this 
study. It was therefore thought ad- 
visable to confirm the reliability of this 
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test. An opportunity to compare the 
M.C.P. test, as done in the work here 
reported, with the spreading test was 
afforded by work done on purification 
and sterilization of streptococcal hyalu- 
ronidase reported elsewhere.® Prepara- 
tions of hyaluronidase which had been 
e.xamined for spreading potency in the 
rabbit’s skin were titrated for hyalu- 
ronidase by the M.C.P. test. Results 
of such tests are given in Table 3. The 
Table shows that the M. C. P. titration 
of hyaluronidase preparations agrees 
well with the titration of the same 
material by actual spreading effect in 
tire skin. 


of hyaluronidase or hyaluronic acid. 
In order to test the specificity of the 
reaction, parallel anti-hyaluronidase 
tests were done versus testicular, pneu- 
mococcal and clostridial hyaluroni- 
dase. Each of the other enzymes was, 
of course, present in the same number 
of units of potency as the streptococcal 
hyaluronidase. 

Table 4 gives the results of such tests. 
These data show that the human sera 
tested did not interfere with the diges- 
tion of hyaluronic acid by clostridial 
or testicular hyaluronidase. Some of 
these sera did neutralize pneumococcal 
hyaluronidase, but in a much lower 


Table 2. Qu.vntitative Relations between Stbeptococcvl HvALCiio.vmAbE a.vd Its 

NEUTtt\U7,tNG .\NTtBOnY 



Hyuluronidase 




DiluHon of ficrum 

>j'}07 
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a 

o 
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0 
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0.25 

o 

a 

1 

0 

0 

0 

0 

0 

0 

C 

0.125 

o 

o 

o 

1 

0 

0 

0 

0 

i) 

D 

0.003 

o 
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1 

+ 

0 

0 

0 

E 

0.031 

o 

a 

o 

o 

i> 

1 

1 

± 

0 

V 

0 010 

a 

a 


o 

o 

2 

a 


0 


2 = full ulucin clot (of luilive hyaluronic acid) 
t = smaller clot 
± = shreds of clot 

0 = amorphous precipitate (of depolymerized hyaluronic acid) 


The Serologic Specificity of the Neu- 
tralizing Antibodies to Streptococcal 
Hyaluronidase in Sera of Human Sub- 
jects. In initial e.xploratory work a 
miscellaneous group of sera from ap- 
p.arently normal subjects was tested for 
the presence and concentration of neu- 
tralizing substances for streptococcal 
hyaluronidase (anti-hyaluronidase). It 
w.is found that measurable amounts of 
such neutralizing substances were pres- 
ent in almost e\ery serum tested, in 
titers v.irving o\er a wide range. The 
same obsers.ilion has since then been 
reported by others,- as noted above. 

These dat.i did not indicate whether 
s\e were obsersing the effect of a 
s[)eeiiic nentr.ilizing antibody or of 
some constituent of serum which might 
interfere with the biocheinic.i! aetiorr 


range of titers than in the case of the 
streptococcal enzyme. There was, 
moreover, no correlation between anti- 
pneumococcal and anti-streptococcal 
titers. 

Recent studies in collaboration with 
Dr. Dan H. .Moore indicate that the 
neutralizing antibody to streptococcal 
hyaluronidase is in the gamma globu- 
lin fraction of electrophoretically sepa- 
rated serum. 

The Titer of Antibodies to Strepto- 
coccal Hyaluronidase in .\'or>nal In- 
dividuals of Various .lye-Groups. As 
a preliminary to the study of these 
antibodies in streptococcal and rheu- 
matic infection it was necessary to 
study the titers found in the presumably 
tiorinal popul.ition. These determina- 
tions included fiiose on sera of 9-1 
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neonatal infants, 118 older infants (6 
months to 3 years of age), 185 children 
(4 years to 15 years of age) and 135 
young adults. 

The results of these determinations 
are shown in a percentage-frequency 
chart in Fig. 1. It can be seen in the 
Figure that antibodies to streptococcal 
hyaluronidase were found among all 
age-groups. Among the infants most 
sera were found to contain no meas- 
urable amount of neuti’alizing anti- 
body to streptococcal hyaluronidase. 


reflected completely the pattern of their 
mothers, who were included among the 
young adults. 

Antibodies to Streptococcal Hijalu- 
ronidase in Scarlet Fever. In order to 
observe the effect of acute infection 
by the hemolytic streptococcus on the 
titer of this antibody, sera were ob- 
tained from children with acute scarlet 
fever (within tlie fii’st 5 days after the 
onset of symptoms) and at the end of 
the 3rd week of the disease. Of tlie 
130 such pairs of sera collected, 34 


Table 3. Comparison of the Mucin-Clot-Prevention Test for Hyaluronidase with 

Spreading Potency 




Assay of Hyaluronidase In 

Vivo and In Vitro 


Material 

Spreading 

potency. 

Minimal 

effective 


Results of M.C'.P. Test 
Mg./cc. of enzyme preparation 




dose 

0.25 

0.125 

.00 

.03 .015 

008 

.004 

CS 119 Original 

nig. 

.000 

0 

0 

0 

± 1 

0 

0 

CS 119 partially purified 

.003 

0 

0 

0 

0 0 

i 


CS 119 partially purified. 

irradiated 

.000 

0 

0 

0 

0 1 

0 


CS 119 partially purified. 

glass-filtered 

.012 

0 

0 

0 

1 2 

0 

o 

CS 119 partially purified. 

Seitz-filtered 

.048 

0 

I 

o 

0 o 

0 

o 


2 = full mucin clot (of native hyaluronic acid) 

I = smaller clot 
± = shreds of clot 

0 = amorphous precipitate (of depolymerized hyaluronic acid) 


The antibody titers of the remaining 
infants were low and the majority fell 
in tlie range between 8 and 16. The 
sera of children of shghtly older age 
showed more antibody to streptococcal 
liyaluronidase. There were fewer sera 
with no measurable antibody. The 
range of titers was distinctly wider, 
the greatest aggregation of titers ap- 
pearing between S and 128. The sera 
of young adults were grouped about a 
mean titer of 32, with 65% falling be- 
tween 16 and 64. Neonatal infants 


were followed by a third specimen 
which was obtained either 3 weeks or 
4 montlis after recovery from the acute 
illness. The percentage - frequency 
charts of titers foimd in tlie same chil- 
dren at the onset of scarlet fever and 3 
weeks thereafter are shown in Fig. 2. 
These charts show tliat the titers are 
generally higher as a result of tlie 
streptococcal infection. The mean anti- 
hyaluronidase titer found during the 
3rd week of the disease was 73, in com- 
parison with the geometric mean titer'"' 


* The geometric mean titer is obtained by noting the logaritluns of the individual titers to tlie 
base 2 (since tlie dilutions are made in 2-fold steps). The average of these logaritluns is then 
computed, and tlie antilogarithm of this average is tlie geometric mean. This procedure is 
necessar>' because the conventional dilutions of sera in such tests result in a geometric series 
of decreasing concentrations, and because of the characteristic distribution of antibodv titers in 
human groups. 
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of 20 which had been found at the onset 
of the disease. Of the individual pairs 
tested, 455 ^ showed no significant in- 
crease in titer, 22 5^; a 2-fold rise, and 
33% a 4-fold or greater rise. 

Anti-hyaluronidase titers were ob- 
served 6 weeks after the onset of the 
acute episode of scarlet fever in 15 
children. When these were compared 
with those of the same cliildren during 
the 3rd week of the disease it was 


Anti-H yaluronidase Titers in Acute 
and Quiescent Rheumatic Fever. Neu- 
tralizing antibodies to sti-eptococcal hy- 
aluronidase were measured in the sera 
of 135 patients witli quiescent rheu- 
matic disease. The range of titers 
found, from less than 8 to 256, was 
similar to that found in the normal 
children of comparable age, and the 
geometric mean titer was 52. 

Among ICO children with active rheu- 


T.^bi-e -t. Specificity of ?SECTn,ii.iztxG .-Vxtibouies to Stueptococc.vl Hy.vli;iio.sida!iE 


Tiler of Seulralizatiou of llyaluronidaec 


Source of Serum 

Slreptococcal 

Pneumococcal 

Closlridial 

Tc^licular 

Xoriiml child 

di 

— 

— 

— 

Xuriiial child 

Ut 

— 

— 

— 

Xonnal child 

8 

13 

— 

— 

Xormal child 

18 

C 

— 

— 

Xormal cliild 

128 

— 

— 

— 

Xonual i'outh 

•18 



— 

— 

Xormal youth 

21 

S 

— 

— 

Xormal youth 

32 

— 

— 

— 

•Xormal youth 

yc 

— 

— 

— 

Quiescent rheumatic 

U1 

— 

— 

— 

(juiescent rheumatic 

192 

— 

— 

— 

Quiescent rheumatic 

Uti 

— . 

— 

— 

Quiescent rheumatic 

99 

0 

— 

— 

Convulesceut from 
scarlet fever 

381 




Convalescent from 
scarlet fever 

708 

_ 


— 

Convalescent from 
scarlet fever 

312 

8 

.. 



Convalescent from 
.scarlet fever 

230 

12 

— 

— 

.tcute rheumatic 

11121 

— 

__ 

— 

.\eute rlieumatic 

7(i.s 

— 

— 

— 

.Vcule rheumatic 

2()-l.s 

— 

— 

_ 

.\cute rheumatic 

312 

— 

-- 

- 

•Veute rheumatic 

312 


— 


.teute rlieumatic 

201 s 


— 

_ 

.Veute rheumatic 

I Oil 

t; 


- 


— = Uii tli.111 I 

found that in somewhat more than half, 
the titer had not changed significantly 
from the time of clinical convalescence 
to 3 weeks thereafter. Most of the 
others showed a slight increase in titer. 
Tile me.in titer of this group was 120. 

Of the patients whose serum speci- 
mens \%ere obtained 4 months after 
acute sc.ir!et fe\er AS'i showed anti- 
le.ahirouidase titers wiiich uere at least 
.!■> hi'zii as at the height of the disease. 


nuitic carditis tlie anti-hyaluronidase 
titers were iound to be much higher. 
Tile range of titers, e.xcept for 3 values 
of 32, was from 12S to 4066, with a 
geometric mean titer of 5S0. These 
distributions are shown in Fig. 2. This 
Figure shows also that the anti-liyahi- 
ronidase titers in acute rheumatic fever 
were higher than those following 
scarlet fever. 

Anti - dtrvptococcal - I! ijnluruuida.ic 
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Titers during Fluctuations in the Se- 
venty of the Rheumatic Process. Al- 
most all the patients in the acute rheu- 
matic group were followed for consider- 
able periods of time. Among patients 
who showed continued activity of the 
rheumatic process of constant or ful- 
minating severity, the anti-hyalmoni- 
dase titer remained elevated. The 
majority of patients studied were ob- 
served during a single episode of the 
disease, with a decline in the acuity of 
the illness to quiescence. In these 
patients it was found that the anti- 
hyaluronidase titer did not decline with 


the clinical severity of the disease, but 
remained in the same range for a con- 
siderable period of time after tlie rheu- 
matic infection had become quiescent. 
The fall in concentration of these anti- 
bodies was noted in many of these 
patients some months thereafter. 

Finally, some of the patients showed 
a polycyclic course, so that it was pos- 
sible to observe tlie correlation in a 
given patient between the clinical ac- 
tivity of the rheumatic disease and the 
serum titer of anti-hyaluronidase. 

In the case of patients whose rheu- 
matic process had been quiescent for 


neonatal infants 



Fig l.-The frequency distribution, in percentage, of streptococcal anti-hyaluronidase titers in 
noriual subjects of various age-groups. The percentages are given by the small numbers at the 
head of each column. 
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some time, so that the anti-hyaluroni- 
dase titer had declined from the orig- 
inal elevated value, the titer of this 
antibody rose again at the time of the 
rheumatic recrudescence. Smaller fluc- 
tuations of die activity of the rheumatic 
process, or rheumatic recrudescences 
not separated by considerable intervals 
of time, however, were not accompa- 
nied by definite changes in anti-hy- 
aluronidase titer. Clinical details of 
the study of variations in rheumatic 
activity in coitelation with the anti- 
hyaluronidase titer will be presented 
elsewhere.^ 

Discussion. T/ie Ahicin-Clot Pre- 
vention Test as an In Vitro Measure of 


Hyaluronidase. As was stated above, 
the choice of the M.C.P. test for this 
work was made on the basis of adapta- 
bility to serologic analysis. Because of 
this, and because the precise chemical 
basis of the mucin clot reaction is not 
understood, it was advisable to test 
the reliability of this reaction. In all 
work on the measurement of hyaluroni- 
dase in vitro, the spreading potency in 
the skin has been used as the standard 
of comparison, since the latter affords 
a direct observation of the biologic 
phenomenon involved. The titration 
of spreading factor cannot be made in 
steps smaller tlian 2-fold, and within 
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this limitation excellent agreement was 
found in this study between spreading 
potency and the M.C.P. measure of 
hyaluronidase in various preparations 
incidental to purification and steriliza- 
tion of the enzyme. 

The Occurrence of Neutralizing Anti- 
bodies for Streptococcal Hyaluronidase 
in the Normal Population. This finding 
is of interest with regard to the produc- 
tion of hyaluronidase by hemolytic 
streptococci and with regard to the 
epidemiology of this organism. 

Freshly isolated strains of group A 
hemolytic streptococci have been ex- 
amined by several authors for produc- 
tion of hyaluronidase in vitro. Of sev- 
eral strains tested, detectable amounts 
of this enzyme were found only in 
strains of type 4 by Hobby, et al.^ 
Crowley^ found that only one addi- 
tional type, type 22, of a total of 308 
isolations of hemolytic sti-eptococci, 
produced demonsti-able hyaluronidase 
in culture. The finding of neutralizing 
antibodies to sti-eptococcal hyaluroni- 
dase in almost all the tested sera de- 
rived from the presumably normal 
population past infancy must mean, 
however, as Friou and Wenner- have 
pointed out, that the enzyme is in fact 
produced by all or almost all strains 
of group A hemolytic sti-eptococci, but 
often in such small quantities as to be 
detectable only indirectly, by means 
of the i-elatively large amounts of anti- 
body to which minute amounts of the 
enzyme give rise. The circumstance 
which makes possible such^detection is 
the broad reactivity of streptococcal 
hyaluronidase within group A. 

The other implication of the wide- 
spread occurrence of anti-streptococcal- 
hyaluronidase in normal sera is also of 
epidemiologic interest, since this wide 
occurrence of tlie antibodies points to 
the ubiquitous character of the hemo- 
lytic streptococcus as an invader of the 
human upper respiratory tract, whether 
or not acute infection is present. 


It is of some interest to compare the 
antibody titers to streptococcal and 
pneumococcal hyaluronidase. The lat- 
ter antibody is met with such frequency 
that there can be little doubt that, as 
in the case of group A hemolytic strep- 
tococci, the enzyme is broadly reactive 
and is produced by the great majority 
of strains. The striking difference in 
range of neutralizing titers against 
enzymes of these two sources implies 
that although both streptococci and 
pneumococci are found in the normal 
and inflamed human throat, the strep- 
tococcus must be much more prevalent 
and effective as an invader of the hu- 
man host. 

The fact that no neutralizing effect 
could be found to testicular or clostri- 
dial hyaluronidase indicates that the 
anti-hyaluronidase effects measured in- 
volved true neutralization by anti- 
bodies, rather than non-specific inter- 
ference by some constituent of serum 
with the enzymatic activity of hyalu- 
ronidase. 

The occurrence of antibodies to 
streptococcal hyaluronidase in the 
population at large, and the rising range 
of titers with increasing age is, then, 
e.xplained on the basis of 2 facts: broad 
reactivity of streptococcal hyaluroni- 
dase within the group of human patho- 
gens, and the prevalence of contact 
between the streptococcus and the hu- 
man host. A similar explanation was 
given for the widespread occurrence of 
of compIement-fi.xing antibodies to so- 
matic fractions of the hemolytic strep- 
tococcus, described elsewhere.® 

The range of titers in the normal 
children, and in acute streptococcal in- 
fection, is less uniform in the case of 
anti-hyaluronidase than in the case of 
antibodies to tliose fractions. This may 
well be due to the fact that the per- 
centage content of each somatic frac- 
tion probably varies only slightly among 
s*^ra’ns of hemolytic streptococci, 
whereas the rate of production of the 
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enzyme may well vary over a range of 
several orders of magnitude. Thus tlie 
antigenic stimulus of the latter case 
may vary quite widely, witli corre- 
sponding variations in the resulting 
titer of antibody. The same consider- 
ation would apply to the “booster' ef- 
fect of subclinical contacts with the 
hemolytic streptococcus, which is re- 
sponsible for the sustained elevation 
of anti'hyaluronidase titers after acute 
streptococcal or rheumatic infection. 

The Significance of Elevated Anti- 
IIlialuronidai,e Titers m Acute Rheu- 
matic Fever. The data presented here 
show unequivocally that the strepto- 
coccal anti-hyaluronidase titer is ele- 
vated in acute rheumatic fever. On 
comparing the titers found in acute 
and quiescent rheumatic fever, it was 
found that 84% of the values found in 
the acute group were 384 or more, and 
thus were higher tlian any found 
among the quiescent rheumatics. The 
geometric mean titers were 580 and 
52, respectively. The anti-hyaluroni- 
dase level referred to, 384, was also 
higher than dS^^/o of die presumably 
normal controls, whose geometric mean 
titer was 36. The data given certainly 
point to an extensive contact with the 
hemolytic streptococcus in the recent 
history of a patient with acute rheu- 
matic fever, which is in agreement with 
almost all of the serologic work which 
has been done on this problem. 

The comparison of the anti-hyalu- 
ronidase titers of acute rheumatic sub- 
jects with those of a group of convales- 
cents from a frank streptococcal in- 
fection, scarlet fever, is, however, of 
some interest, for it is seen that the 
me.in titer in active rheumatic fever is 
S times as high .is it is following scar- 
let fever, with corresponding differ- 
ences in the distribution of individual 
titirs. The possibility vv.is entertained 
th.it this diifereiice might he due to a 
t.ictor of time, in.isiuuch as p.itients 


with acute rheumatic fever are in gen- 
eral seen for die first time a few weeks 
after the onset of any preceding stiep- 
tococcal infection. Although 3 weeks 
is generally considered an adequate 
period for the attainment of maximal 
antibody response in acute infection, a 
longer effective period of antigenic 
stimulation in the case of sti eptococcal 
hyaluronidase would be consistent with 
the fact that the hemolytic strepto- 
coccus produces little hyahuonidase, 
in comparison vvidi other metabolic 
products; so much so that direct search 
for the enzyme in culture media led to 
the impression that only a few strains of 
the organism produce the en'/yme.‘’“ 
(This is in contradistinction to the 
hemolysin, which is readily found in 
streptococcal culture filtrates.) 

In order to e.xamine the validity of 
such an explanation, sera were collected 
from as many of the convalescents of 
scarlet fever as possible, after an addi- 
tional interval of 3 weeks. A com- 
parison of anti-hyaluronidase titers at 
this time, 6 weeks after the onset of 
the illness, with those taken at the 
time of convalescence showed that 
some of these children, slightly less 
than half, had higher titers at the 6th 
week than at the third. The mean 
antibody titer of these 6th-week speci- 
mens was 120 which, although higher 
than the mean of 73 in the 3rd week, 
was approximately one-fifth the mean 
titer found in acute rheumatic fevc'r. 
In the 5th month after the onset of 
scarlet fever the mean anti-hyaluroiii- 
ilase titer had returned to the value 
vvhieii obtained in the 3rd week. 

It is thus quite unlikely that the fac- 
tor of time accounts for the difference 
between anti-hyaluronidase titers of 
convalescents from streptococcal infec- 
tion and patients with acute rheiini.itic 
fever. .Since no chemotherapy was 
given to the patients with scarlet fever 
it was not necessary to consider stidia 
factor as .i possiiile c.uise of the lower 
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range of titex's in the convalescents from 
scarlet fever in comparison with the 
acute rheumatic group. Since work 
now in progress indicates that antibody 
levels to the other streptococcal anti- 
gens under investigation in these lab- 
oratories do not show such marked dif- 
ferences between the convalescents 
from scarlet fever and the acute rheu- 
matics, this work raises the possibility 
that hyaluronidase, or strains or vari- 
ants of streptococci producing unusual 
amounts of hyaluronidase, may be re- 
lated in some way to the pathogenesis 
of rheumatic fevei'. The necessarily in- 
direct method of investigating such a 
relationship— that of measuring anti- 
bodies to hyaluronidase rather than the 
enzyme itself— may represent a limita- 
tion in demonstrating an entirely clear- 
cut distinction with respect to hyalu- 
ronidase between patients with rheu- 
matic fever and those with strepto- 
coccal infection. On the basis of the 
results reported it is impossible to say 
whether there exists a special relation 
of streptococcal hyaluronidase to rheu- 
matic fever. Such a relation is, how- 
ever, a possibility which cannot be ex- 
cluded in the face of these data. 

Diagnostic Applications of the Strep- 
tococcal Anti-Hyaluronidase Test. 
Aside from considerations of a pos- 
sible role of anti-hyaluronidase in the 
patliogenesis of rheumatic fever, the 
question arises of its usefulness in the 
laboratory diagnosis of rheumatic fever. 
This test suffers the same shortcoming 
in this regard as do otlier tests for anti- 
bodies to streptococcal antigens; the 
fact that not all titers found in acute 
rheumatic fever fall out of the entire 
range of titers found in the presum- 
ably normal population. However, two 
aspects of this neutralization test re- 
main to be e.xplored. First, the sensi- 
tivity of the anti-hyaluronidase test as 
compared with tests for antibodies to 
other streptococcal antigens, in cor- 


relation with variations in clinical 
phase of the disease and, second, the 
possibility that simultaneous perform- 
ance of the anti-hyaluronidase test and 
one of these other tests may yield more 
striking differences between normal 
subjects and patients with active rheu- 
matic fever than any one test alone. 
These questions are now under inves- 
tigation, the results of which will be 
reported elsewhere.^ 

Summary. The mucin-clot preven- 
tion test for the measurement of hyalu- 
ronidase in vitro has been applied to 
the measurement of neutralizing anti- 
bodies to streptococcal hyaluronidase 
in serum. The reliability of this test 
has been confirmed by comparison with 
spreading potency of the hyaluronidase 
in the skin, and the specificity of the 
test for enzyme of streptococcal origin 
has been confirmed by comparative 
tests with pneumococcal, clostridial and 
testicular hyaluronidase. 

Streptococcal anti-hyaluronidase has 
been found in the sera of presumably 
normal human beings; at mean titers of 
46 in neonatal infants, less than 8 in 
infants, 36 in children, and 30 in young 
adults. 

In a typical acute streptococcal in- 
fection, scarlet fever, the mean anti- 
hyaluronidase titer in 130 individuals 
was found to be 73 at the third week 
after the onset of the illness, in com- 
parison with 20 during the first few 
days. In some children the titer con- 
tinued to rise after tlie 3rd week. 

In patients with quiescent rheumatic 
fever the findings were comparable to 
those in normal children. In 100 pa- 
tients with acute rheumatic fever, how- 
ever, the geometric mean titer was 580, 
84% of the individual titers being 
higher than the entire range found 
among quiescent rheumatics. 

The possible implications of tliese 
findings are discussed in terms of the 
epidemiology of streptococcal disease 
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The concept of a single basic path- 
ologic process producing a variety of 
syndromes has increasingly occupied 
medical thought since Phihppe Ricord-'" 
corresponded with the Union Medicale 
on syphilis. Ricord recognized that 
the reaction of a tissue to a specific 
agent may vary widely and believed 
that functional impairment is more de- 
pendent on the organ involved and 
magnitude of the involvement than on 
the agent producing the damage. The 
first of these concepts, variability of 
tissue response to a specific injurious 
agent, was greatly elucidated by the 
studies of Opie-*^ and of Rich-- in their 
investigations of allergic inflammations 
to determine local tissue injury and re- 
action. 

It has become equally well estab- 
lished that different injurious agents 
can cause the same type of tissue re- 
action. Widespread vascular lesions 
have in recent years been noted as 
prominent features of such diseases of 
obscure etiology as periarteritis no- 
dosa, rheumatic fever, disseminated 
lupus erythematosus, thrombo-angiitis 
obliterans, and diffuse scleroderma. 
The fibrinoid degeneration occurring 
in each has suggested a common basic 
factor in etiology (Banks^ Klemperer, 
Pollack, and Baelir^’^). Since this alter- 
ation of connective tissue appears iden- 
tical to tliat seen in serum sickness, 
in tlie Arthus phenomenon, in ding 


sensitivity, and in e.xperimental pro- 
tein hypersensitivity, there has been 
much discussion as to whether the 
supposed common factor is one of 
allergy. Baehr and Pollack- in a crit- 
ical analysis point out that since fibri- 
noid degeneration represents only a 
diffuse injury of unknown nature, it 
cannot be used as evidence that the 
reaction in all cases is one of hyper- 
sensitivity. Klemperer^® likewise has 
warned against use of the argument 
that a related pathogenesis is indicated 
by the morphological similarity of 
lesions, which was e.vcellently demon- 
strated in a recent study by Bergstand.^ 
Periarteritis nodosa is the disease of 
tliis group in which the evidences of 
an allergic antecedent have been best 
demonstrated. Since first suggested by 
Gruber^ ^ in 1923, the appearance of 
allergic manifestations in many periar- 
teritis nodosa victims and the presence 
of eosinophils in the lesions have 
favored the probability of hypersensi- 
tivity in its pathogenesis. Although 
eosinophilia was recorded in only 19% 
of 101 cases collected by Harris, Lynch, 
and OHare^"^, it is frequently transient 
and may be missed unless many blood 
examinations are made. Bronchial 
astlima was noted in 18% of 300 cases 
of periarteritis nodosa analyzed by Wil- 
son and Alexander-'^. When other 
atopic disorders like vasomotor rhin- 
itis and urticaria were included, the 

(1S7) 
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incidence of atopy in tliis disease was 
increased to 25%. Additional evidence 
was provided by the observations of 
Rich--* -^, who found lesions of periar- 
teritis nodosa in autopsies of patients 
who shortly before death had become 
sensitized to serum, to sulfonamides, 
and to iodine. Rich and Gregory-^ 
were able e.xperimentally to produce 
typical lesions in rabbits by injections 
of sterile horse serum. However, Als- 
ton, Cheng, and Short* failed to dupli- 
cate these lesions in their rabbits, using 
a similar procedure. 

As emphasized by Harkavy*-*, peri- 
arteritis nodosa seems to represent an 
advanced phase of hyperergic vascular 
disease. The nature of the sensitizing 
allergen is of therapeutic importance, 
because desensitization to the antigen 
or its removal would appear a possible 
method to halt the process. Although 
drugs and sera have been shown 
capable of producing periarteritis no- 
dosa, in the majority of cases no such 
factor can be detennincd. Reimann, 
Price, and Ilerbut-* suggested hyper- 
sensitivity to the trichin.i antigen as 
the basis of deselopment of lesions in 
2 cases occurring in trichinosis. Con- 
tratU)' l)eh'eseil one of his c.ises to be 
the result of aliergic response to .ictise 
gl.indul.ir tuberculosis. Bacteri.i are 
considered the most frerpient seusiti/- 
mt; .igeut. and peri.irteritis uotlos.i has 
Ikcii obsiTsed to follow infections with 
s.irlous b.icteri.i, p.irticul.irly heino- 
Utic streptococci. In such eases Miller 
.mil D.ile)*^ behe\e it is r.ition.il to 
I inp!o\ .uitibiotics to ebmin.ite the 
c.uis.itise agent .md perhaps produce 
.1 cure. 
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unusually long remission after diag- 
nosis by biopsy has been occasionally 
reported (Carlin and Hicks'*, Con- 
tratto^, Goodman*®). There has been 
one apparent cure witli sulfapyridine 
(Goldman, Dickens, and Schenken--). 

The clinical manifestations of periar- 
teritis nodosa depend upon the tissues 
embarrassed by the vascular reaction. 
Since the lesions occur in crops and 
occasionally involve only 1 or 2 sys- 
tems, there may be much variation in 
the symptoms and signs. In 1878 
Meyer'* established the diagnostic 
triad of chlorotic marasmus, polymy- 
ositis and polyneuritis, and gastrointes- 
tinal symptoms. Glomerulonephritis 
was later added by Brinkmann®, and 
cerebral and cutaneous involvement by 
Harbitz'-. Familiarity with the usual 
manifestations as described in exten- 
sive analyses and a high inde.x of sus- 
picion have led to more frequent diag- 
noses during life. Evidences of a wide- 
spread system involvement not ev- 
plainable by a single, more common, 
disease, or an atypical course of a 
suspected common condition may lead 
to consideration of the presence of 
periarteritis nodosa. If allergic mani- 
festations are also present, the likeli- 
hood of the condition is increased. 
Palpable nodules along the arteries are 
extremely significant, but occur in a 
minority of cases. A positive diagnosis 
during life can be suspected by the 
clinical course, but can be made with 
certainty only by the microscopic e\a- 
amination of diseased tissue. .V biojisy 
may be taken of .ilfected muscle or 
skin, or of paljiahle nodules along the 
course of the vessels. Occasionally a 
di.ignosis may lie made in unsuspected 
casis l>y examin.ition of tissues re- 
moved at operation when a surgical 
couihtion is simulated, 

The morjihologv of peri.irteritis no- 
rlosa is .1 (bsseminafed f(x.-al p.in.ir- 
teritis, which m.tv he spotty in its dis- 
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tribution. The functional pathology is 
that of multiple, rapidly developing 
occlusions of small arteries to produce 
widespread miliary infarcts. Periarter- 
itis nodosa is a disease of small mus- 
cular arteries, and characteristically 
spares the large elastic arteries and the 
arterioles. The process involves all 
coats of the vessels, but begins with 
a coagulation necrosis of the muscular 
media. The initial medial degenera- 
tion is followed by a thrombosis and 
neutrophilic leukocytic congregation. 
There then develops a subacute granu- 
lomatous inflammation, sometimes with 
numerous eosinophilic leukocytes 
among the lymphocytes, neutrophils, 
and histiocytes. The last stage in the 
priiuary lesion is a chronic productive 
inflammatory reaction with eventual 
canalization of some of the vessels. The 
changes in the surrounding tissues sup- 
plied by these vessels are successively 
albuminous degeneration, coagulation 
necrosis, and eventual replacement 
fibrosis. Multiple aneurysms are pres- 
ent in about 10% of the cases. 

The following 2 cases, recently stud- 
ied at our School of Medicine, are re- 
ported because they presented definite 
clinical evidence of hypersensitivity. 

Case Reports. Case 1. M.D., a 63 year 
old white housewife, was admitted to John 
Sealy Hospital on November 19, 1946, com- 
plaining of intermittent darting pains in her 
hands, feet, and back for 7 weeks. The 
jiains had been accompanied by soreness of 
her tongue, and since they began, she had 
lost about 30 pounds in weight, Tliere had 
been several episodes of fever to 102°F., 
each lasting several days. Her past histors 
revealed good health until 1940, when she 
developed occasional episodes of right upper 
abdominal pain. In 1911 for the first time 
she began h.uing frequent attacks of wheez- 
ing and shortness of breath. The att.acks 
of dsspnea occurred at all times of the \ear, 
and for seseral months had been accom- 
)ianied by sMiiptoms of hay fe\er. For sev- 
eral jears she had been on a self-imposed 
diet of toast, butter, .ind milk. Sensitisity 


tests done 6 months prior to admission were 
positive for coffee, lemon, potato, and feath- 
ers. There was no previous personal or 
tamilial history of allergy. 

E\amination revealed a chronically ill 
middle-aged female who appeared mentally 
dull. There was brownish pigmentation of 
the dorsal surfaces of the hands and elbows. 
The blood pressure was 148/76, pulse 90, 
temperature 100° F. Conjunctivae and 
mucous membranes were pale, and the tongue 
was atrophic with redness at tlie margins. 
The fundi showed some increase in tortu- 
ousity of the arteries but no nodularity. 
The heart was moderately enlarged to the 
left with soft systolic murmurs heard in the 
aortic and mitral areas. The lungs were cleir, 
and abdomen negative. Arteries showed in- 
creased thickness, but no nodes or areas of 
tenderness. There was a moderate general- 
ized atrophv of the musculature. Mild ten- 
derness in the muscles and along the nerve 
trunks was noted. There was absence of the 
richt biceps and left patellar reflexes, the 
remainder of the deep reflexes being hypoac- 
tive. No pathological reflexes were demonstra- 
ble. There w is marked impairment of all 
forms of sensation in the extremities. 

The red count was 2.47 million with 8.8 
gm. of hemoglobin. The white count was 18,- 
700, with 68% neutrophils, 15% eosinophils 
6% lymphocytes, and 11% monoevtes All 
subsequent counts showed 20 to 35% eosino- 
phils. Urinalysis showed a maximum concen- 
tration of 1.018, trace of albumin, 5 to 10 red 
cells and 1 to 3 white cells per high power 
field. Occasional hvaline and coarsely granu- 
i.ir casts were seen. Red cells were a con- 
stant feature of all urinalyses. Blood Kahn 
and Kolmer were negative. Stool examina- 
tions, routine agglutinations and blood cul- 
tures were negative. Gastric analysis showed 
free hydrochloric acid. Non-protein nitrogen 
on admission was 47 mg., later rising to 78. 
Senim calcium was 9 2 me., phosphorus 3 3 
nv' , and alkaline phosphatase 3.9 Bodanskx 
units. Serum proteins were 6 8 gm. total, 
with 4.9 gm albumin and 2 7 gm. globulin 
Lumbar puncture show'ed pressure of 120 
mm., with normal spinal fluid. Electrocardio- 
gram rexealecl a right bundle branch block 
of the Wilson (Sj) type. A teleorocntgeno- 
gram of the chest showed marked enlarge- 
ment of the transxerse diameter of the heart 
and aortic arch. Lung fields demonstrated 
diffuse clouding, with mottled shadows and 
beading along the bronchovasciilar pattern. 

.V deltoid muscle biopsy w.is di.ignostic of 
periarteritis nodosa. 
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The red count was 3.2 million with hemo- 
globin 64%. The white cell count was 16,- 
400, and differential showed 91% segment- 
ers, 4% stabs, and 5% lymphocytes. Urinaly- 
sis revealed maximum specific gravity of 
1.017 and four-plus albumin. There were 50 
red cells and 30 white cells per high power 
field. Non-protein nitrogen was 72 mg. per 
100 cc; blood cholesterol, 186 mg. The sedi- 
mentation rate (Winlrobe) was 25 mm./hr. 
The blood Kahn was positive, and Kolmer anti- 
complementary. Fluoroscopy showed the pres- 
ence of a pericardial effusion, and 250 cc. of 
blood-tinged fluid was withdrawn from the 
pericardium. The specific gravity of the fluid 
was 1.020, cultures being negative. It con- 


of dyspnea and anasarca after he discontin- 
ued his digitalis. Blood pressure was 188/108, 
and tliere was marked generalized edema. 
Cardiac enlargement was marked, and there 
were frequent moist rales at the lung bases. 
The red count had fallen to 1.95 million with 
hemoglobin 29%. The white cells numbered 
8,700 per c.mm., and the differential count 
showed 6% eosinophils. Urinalyses were the 
same as previously. Non-protein nitrogen 
was 62 mg. The plasma proteins were 6.2 
gm., with albumin 2.6 gm., and globulin 3.6 
gm. Electrocardiogram showed little change. 
Despite redigitalization, the patient gradually 
became worse. On November 13 there de- 
veloped many urticarial wheals over the skin 



lifcration has replaced some of tire acute inllammatory reaction seen in Fig. 1. 


tained 6,850 white cells per c.mm., with a 
differential count of 94% polymorphonucle- 
ars and 6% lymphocytes. Electrocardiogram 
presented low complexes throughout, and 
negative T in Leads I, II, and IVF. A muscle 
biopsy was taken from the deltoid, and 
showed moderate endothelial hyperplasia of 
small arteries and some increase in sarcolem- 
ma nuclei. Following digitalization, low so- 
dium diet, and diuretics, there was much im- 
provement, and patient was discharged on 
October 1. 

2nd Admission (IS days later): The pa- 
tient w.is readmitted because of recurrence 


of the trunk with intense itching, and these 
persisted 5 days. The patient subsequently 
developed increasing cardiae failure and ex- 
pired on the 42d day of hospitalization. 

PosT.MonxExt E.XvVXn.VATiON': The perti- 
nent gross findings at necropsy were: 1. 
Macular pigmentation of both malar emi- 
nences. 2. Moderate edema of e.xtemal geni- 
talia and lower extremities, with 1000 cc. of 
clear, yellow fluid in tlie abdominal cavity, 
3. Obliteration of pleural and pericardial 
caxities by thick, fibrous adhesions. 4. Heart 
and pericardium weighing 6S0 gm., witli pe- 
techial hemorrhages throughout the epitar- 
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clium. 5. Kidne)S (210 gm. each) showing 
numerous miliary red and yellow areas in the 
cortex and medulla. Microscopic examina- 
tion demonstrated a conspicuous nodular pan- 
.irteritis of the small arteries of the heart (Fig. 
d). The myocardial stroma was edematous, 
and in the region of the diseased x'essels was 
infiltrated svith groups of polymorphonucle- 
ars and eosinophils. In some areas proliferat- 
ing fibroblasts could be seen. The lungs 
showed moderate venous congestion, and the 
septa were thickened and infiltrated in sev- 
eral areas with eosinophilic leukocytes. Some 
of the small arteries in the lungs showed in- 
liammation of all their coats and thrombo- 
sis. Kidneys showed hyalinization of many 
glomeruli, foci of chronic inflammatory cells, 
and replacement fibrosis. 

Discussion. The first patient pre- 
sents most of the clinical manifesta- 
tions typically seen in periarteritis no- . 
(losa. Allergic phenomena were promi- 
nent, as evidenced by the episodes of 
bronchial asthma and hayfever, and a 
constant eosinophilia of 15 to 35%. The 
fever, anemia, weight loss, and weak- 
ness were conspicuous but non-specific 
signs. Widespread system involvement 
was indicated by the polyneuritis, myo- 
sitis, nephritis, abnormal cardiac find- 
ings, and mental changes. The radio- 
logical m.mifestations in the lungs such 
as seen in thb patient are similar to 
tho'.e seen in l.oeffler’s syndrome, and 
presiously described by Herr- 
in. m.'* On histological examination 
the pnlmon.iry infiltr.itions were found 
to be tomposeil of peri.irterial accu- 
mul.itiun'. of eosinophils. The ciiarac- 
terisfic pathologic- picture was demon- 
^tr.lt^d in the bio[)-.y specimen. 

Mtluiugh the skin test for Diovlr.ist 
i.e.’.iti\i- .md tlu-re xx.is no historx 
iodme St iisitic ity, the intraxenons 
vtiuii ot Duidr.ist exidentlv preciisi- 
ti .at .tnuri.t m the prexioiisly ilis- 
' kids. ex s 'rite p.tttent xx.is oli- 
i.t itire it> .tdiusm itr.itiun, but 
’ .it h-.ist to. of urine 
!!. iximinn .picitic graxitx 


of 1.018. Immediately after die unsuc- 
cessful attempt at pyelography, there 
was a sudden cessation of urine out- 
put. The total quantity of urine ex- 
creted in the 3 remaining days of life 
was only IS cc. Funnan® in a recent 
review of the American literature 
found 36 cases of fatality from the ad- 
ministration of 35% Diodrast, 2 of 
which were due to acute renal shut- 
down presumably caused by this drug. 
He emphasized the unreliability of the 
intraentaneous test and regarded the 
oral and ocular tests as more depend- 
able. It would seem from our experi- 
ence that Diodrast should be adminis- 
tered with caution to patients with sus- 
pected periarteritis nodosa, especially 
if there are indications of poor renal 
function or hypersensitivity. As sensi- 
tivity to iodine has been reported as 
actually producing periarteritis nodo- 
sa,-' in such a situation Diodrast ad- 
ministration would be particularly dan- 
gerous. 

The second patient represents a di- 
agnostic problem which was solved 
oiilv at necropsy. The heart and kid- 
ney xvere the organs predominantly 
involved by the pathological procc.s.s. 
and there were clinical signs of nephri- 
tis, perieanlial effusion, and eardiac 
failure, .\rthrilie .symptoms such as 
presented by this patient are reported 
ill 27% of the cases uiialxved by Harris, 
Lynch, and O'Hare." .\llergic mani- 
festations were transient and easily 
oxcrlnoked, consisting of a f>'< eosino- 
phili.i oil a single ex.miiii.ition .md one 
episode of urtieari.i. The endotheli.il 
hxpcrplasia of the sin.ill arteries in the 
ijiopsy specimen in.iy liaxe represented 
.in c.irly change of the disease, hut it 
xxas not thought to he signifie.int. 

The role of the rlerinatitis in the dis- 
ease process is difficult to ev.iln.ite he- 
i.!Use it h.id disappeared iiy the time 
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ihe patient was seen. The only residu- 
um was a spotty hyperpigmentation of 
tlie malar eminences and bridge of the 
nose, and there was no evidence of 
scaling or atrophy. Although lupus ery- 
thematosus was considered, it was con- 
cluded from the description given that 
the diagnosis was most probably ery- 
sipelas. Since the symptoms began 
soon after the episode of dermatitis, 
sensitivity to the hemolytic streptococ- 
cus causing the cellulitis may well have 
been the etiology of the vascular re- 
action. It is doubted that administra- 
tion of antibiotics would have been 
of benefit, for the dermatitis had al- 
ready subsided spontaneously. 


Summary: 1, The evidences for a 

basic factor of allergy in diffuse vas- 
cular disease of obscure origin are dis- 
cussed, with particular reference to 
periarteritis nodosa. 

2. Clinical characteristics and the 
pathology of periarteritis nodosa are 
summarized. 

3. Two cases of periarteritis nodosa 
are reported, one of which was diag- 
nosed during life. Sensitivity to Dio- 
drast is regarded as the cause of acute 
anuria and death in the first case. In 
the second patient the lesions may well 
have developed as an allergic response 
to the hemolytic streptococcus. Both 
cases show allergic features, although 
in the latter tliey were transient. 


Supported in part by a grant from the H. H. Weinert Fund for Cardiovascular Research. 
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INCIDENCE OF THE BLOOD GROUPS AND THE SECRETOR FACTOR 
IN PATIENTS WITH PERNICIOUS .iNEMLV /iND 
STONUCH CARCLNOMA'-^ 
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In a previous discussion of gastric 
cancer* it was suggested by one of us 
(A.C.I.) that there might be a relation- 
ship between tlie occurrence of gastric 
carcinoma and tlie blood groups and/ 
or Rh negativeness. Bases for this as- 
sumption were several. The agglutino- 
gens A and B are concentrated in the 
gastric mucus; heredity is concerned in 
the determination of blood groups; it is 
possible that premature achlorhydria, 
pernicious anemia and the predisposi- 
tion to cancer of the stomach are he- 
reditary; and patients with pernicious 
anemia seem to be predisposed to gas- 
tric cancer. This survey of the inci- 
dence of the blood groups (O, A, Ai, 
Aj, B, AB, AxB, A,B, M, N, MN, Rho 
positive and Rho negative) as well as 
the secretor or non-secretor attributes, 
was undertaken in the attempt to de- 
termine whether any relationship ex- 
isted between them and pernicious 
anemia and stomach carcinoma. We 
have further attempted to determine 
whether there was any relationship 
between the ability to secrete group 
specific substances in the saliva and the 
occurrence of pernicious anemia. The 
ability to secrete group specific sub- 
stances in the saliva has also been cor- 
related with the gastroscopic findings 
in a number of these patients with the 
possibility in mind that the ability to 
secrete these substances in the saHva 


might be related to tlie character of 
the gastric mucosa. The gastroscopic 
findings in our patients have previously 
been reported\ The blood types and 
secretor or non-secretor ability have 
also been investigated in a small group 
of cases of carcinoma of the stomach 
as part of this study. 

Blood group specific substances are 
present in the cells of almost all or- 
gans and tissues of the body, and arc 
also present in the body fluids of se- 
cretor individuals®. In man these sub- 
stances occur in the blood and other 
body cells in combination with lipids 
to form alcohol-soluble compounds. 
In the body fluids of secretors the 
group specific substances are present 
in an uncombined water soluble form, 
absent in non-secretors.®“ Bray and 
his co-workers^ isolated a mucopolysac- 
charide from gastric mucin which gave 
serological reactions similar to group 
specific substance A. The possibility 
that such a mucopolysaccharide may 
have a protective action against the 
development of carcinoma of the stom- 
ach is speculative at present. Approxi- 
mately 82% of all Caucasians secrete 
blood group specific substances in their 
body fluids, while 18% fail to do so.®'’ 
Saliva and gastric juice contain the 
highest concentration of these sub- 
stances in secretor individuals.®' The 
ability to secrete blood group specific 
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substances {the “secretor” character) is 
transmitted as a simple Mendehan 
dominant and no evidence has been 
found of the linkage of this character 
with the inheritance of any of the ag- 
glutinogens.**‘‘ The trait is constant, 
and when group specific substances are 
lacking in the saliva they are also lack- 
ing in all other body fluids.®® 

In a related study by Witebsky, 
Klendsboj and Vaughan^® it was con- 
cluded that the gastric juice of per- 
sons with pernicious anemia contained 
group specific substances in at least 
the same amounts as normal gastric 
juice, in spite of the fact that there 
was no free hydrochloric acid or pep- 
sin in the specimens. They determined 
ifie occurrence of blood group specific 
substances in the gastric juice and sa- 
liva of 12 persons with pernicious 
anemia and found that 11 of the 12 
were secretors and one was a non-se- 
cretor. Seven of their cases had group 
O, 4 group A, and 1 group AB blood. 

The relationship between pernicious 
anemia, the concomitant ati'ophy of the 
gastric mucosa, and the predilection 
for the development of gashlc carci- 
noma has been discussed by numerous 
authors.® 

Material. One hundred and sixty patients 
with pernicious anemia, who were in regu- 
lar attendance at the Anemia Clinic of the 
Cook County Hospital (Chicago) were 
used in tliis study. Of these, 119 were 
white and 41 negro. The diagnosis of 
pernicious anemia had been , established 
and substantiated by the usual criteria. 
Five of the patients with pernicious ane- 
mia had also been found to have carci- 
noma of the stomach by X-ray examina- 
tion, gastroscopy, and/or surgical e.xplor- 
ation and tissue examination. These cases 
are included in the pernicious anemia 
series and are also considered with the 
10 cases of carcinoma of the stomach, 
similarly diagnosed, but not having per- 
nicious anemia. 

Wo have assumed, as did Schiff,® tijat 
the incidence of secretors and non-secre- 


tors in group O individuals was the same 
as in the remainder of the population. 
This assumption was made because of the 
difficulty in preparing or obtaining an 
anti-0 serum and for this reason, no at- 
tempt was made to test the saliva of group 

0 individuals for the secretor trait. 

Methods: Five cubic centimeters of 
venous blood were collected from each 
patient. The blood was allowed to clot 
in the refrigerator and later a 2^ cell 
suspension in saline was prepared and 
used at once. Blood grouping was done 
by the standard slide method, employing 

1 drop of freshly prepared 2%. cell sus- 
pension in saline against an equal sized 
drop of Anti A and Anti B serum. Each 
cell suspension was separately examined 
to exclude autoagglutination. Readings 
were made at 5 minutes macroscopically 
and checked by means of a hand lens. 
All serums used for blood grouping met 
the requirements of the National Insti- 
tute of Health. 

M and N typing was also performed 
by the slide method. 

Subgrouping individuals of groups A 
and AB was done on the slide by mixing 
1 drop of a 2^ freshly prepared cell sus- 
pension and 1 drop of absorbed B serum. 
Readings were made microscopically after 
10 minutes of gentle agitation. The 
presence of agglutination indicated that 
the cells were of subgroup Aj, A^B. 

Rh typing was performed by the stand- 
ard Rh slide method using only Anti Rhg 
(Anti D) serum. 

Saliva was obtained from all patients. 
It was collected in test tubes, placed in 
a boiling water bath for 20 minutes, m 
order to inhibit destructive enzymes, and 
then refrigerated. All sali\a specimens, 
e.\cept those from group O persons, were 
tested within 3 days by the inhibition of 
agglutination method described by Wien- 
er.®'' The saliva was diluted 1:10 before 
using and tiie specimen was read micro- 
scopically for agglutination after gentle 
agitation of the tube to dislodge the clump 
at the bottom. Strongly positive sub- 
group .V,. and group B cells were selected 
and used in 2/^ solution in saline. Serums 
used* for the saliva K^ping were prepared 
by preliminan.' saline dilution of stand- 


Prepared by a lahomtoiy licensed by the National Institute of Health. 
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urcl blood grouping serums, the diluted 
material showing a specific titre of 8 
(Wiener technique) to 16 (National In- 
stitute of Health technique). The results 
of diese tests are given in Table 1. 

Findings, i. There were fewer group 
O individuals who had pernicious 
anemia than would have been expected 
on the basis of group O incidence in 
the general population. This devia- 
tion from the normal is statistically 
significant and is not explained. It is 
not due solely to the stated predilec- 
tion of the disease for Scandinavians, 


anemia, the percentages of individuals 
in subgroups Ai and A; correlate sta- 
tistically with the normal group, but 
the ratio A-../Ai is deviated in a statis- 
tically significant amount from tire nor- 
mal. Absorbed B serums differ great- 
ly in titre and this could account for 
the variations from the normal in the 
subgrouping of A which we have ob- 
tained. 

.3. Other than the above mentioned 
deviations, the 160 persons with per- 
nicious anemia fell into groups com- 
parable with large unselected series of 


TABLE 1. INCIDENCE OF BLOOD GROUPS AND SALIVARY SECRETOR FACTOR IN 
160 PATIENTS WITH PERNICIOUS ANEMIA (5 ALSO WITH CARCINO.MA OF 
STOMACH) AND 10 PATIENTS WITH ONLY CARCINO.MA OF STOMACH 

CAiiriN’OM.\ 

OK 

WHITE NEC.UO TOTAL STOMACH 

with- 



Num- 



N u m- 



Num- 


uitb 

out 

Total 


ber 

r* 

/o 

Normal % 

ber 

Cr 

C 

Normal % 

ber 

% 

1*.A. 

I>.A. 

Male 

Cl 

51 


U 

31 


75 

17 

4 

9 

IS 

Female 

58 

49 


27 

UU 


85 

53 

1 

1 

2 

0 

34 

28 

15.0 

20 

48 

41.2 

54 

31 


a 

S 

A 



(8g) 



(Sh) 






6^ 

52 

41 

IG 

3U 

30.3 

78 

48 

4 

2 

G 

Ai 



(8k> 



(81) 






52 

43 

29 

12 

29 

19.C 

G1 

40 

4 

1 

5 


0.19 

=: A: 

(SmlO.lG 

0.33 

=r At =s 

(8n)0.C7 






.U 


Ai 



Ai 






1 

10 

8.3 

8.9 

4 

9.8 

C.8 

14 

8 


1 

B 

17 

14 

10,0 

4 

9.8 

21.8 

21 

15 

I 


1 

AB 

C 

5 

4.0 

1 

2.4 

3.7 

7 

4.3 


1 

1 

AiB 

i 

3.3 

5,2 



l.G 

4 

2.5 




-AsB 

2 

l.G 

1.4 

1 

2.4 

1.1 

3 

2 


1 

I 




(Si) 



(Si) 






M 

40 

33 

20.10 

12 

29 

28.42 

52 

33 

2 

G 

8 

N 

24 

20 

21.2G 

9 

22 

21.94 

33 

20 


a 

a 

MX 

55 

40 

49.58 

20 

48 

40.64 

75 

47 

3 

S 

G 

Bho + 



(2) 
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107 

91% 

85.8 

39 

95 

91.2 

148 

91 

4 

8 

12 

Hho neg. 

12 

9 

14.2 


4.8 

9.9 

14 

D 

1 

3 

4 

Secretor 

Non 



(So) 



(8p) 






G6 

78 

82.0 

12 

57 

Ul,2 

78 

73 

4 

3 


fiecretor 

19 

22 

IS 

9 

43 

38.8 

2S 

27 

1 


I 


The figures in parentheses, like tlie superscript numbers in the text, indicate the source in the list of references. 


Irish, and English® for, while the Scan- 
dinavians have fewer type O individuals 
than the United States normal, the Irish 
and English show a greater percent- 
age.®‘‘ 

2. The percentage of white perni- 
cious anemia patients in subgroup Aj 
is greater tlran in the general popula- 
tion and this deviation is also statis- 
tically significant. However, the Aj/Ai 
ratio correlates with the normal. In 
the negro patients with pernicious 


the United States white and negro pop- 
ulation as regards their major, minor, 
and blood sub-groups, as well as their 
secretor and non-secretor ability. 

4. The number of patients in this 
series witlr carcinoma of the stomach 
is small (15 patients) but seems to show 
a normal trend in blood groups and 
the distribution of the secretor trait. 

5. Comparison of secretor and non- 
secretor individuals with regard to 
their gastroscopic findings revealed ap- 
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proximately the same percentage of 
gastric ab'ophy (either localized or 
generalized) in both groups (Table 2). 

Conclusions. 1, The occurrence of 
pernicious anemia is not definitely re- 
lated to the blood groups or Rh nega- 
tiveness. 

2. Patients with pernicious anemia 
secrete blood group specific substances 
in their saliva in the same proportion 


as normal individuals. 

3. The percentage of secretors and 
non-secretors was approximately the 
same in pernicious anemia patients who 
showed gasti'ic atrophy as it was in 
those who had a normal gastric mu- 
cosa. 

4. Patients with carcinoma of the 
stomach show an approximately nor- 
mal distribution of blood groups and 
of the secretor trait. 


TABLE 2. COMPARISON OF GASTROSCOPIC FINDINGS IN SECRETOR 
AND NON-SECRETOR INDIVIDUALS 


Localized 

General- 

ized 

OP 

Exten- 

sive^ 

Gustri- 

Car- 

cino- 

BcniKn 

Not 

Gastro- 

Gaatro- 

% .showing 
local or 
generalized 

Negative Ciastritis 

tis 

ma 

Eolyps Ulcer 

scoped 

scoped 

atrophy 


(78 cases) 20 19 1 1 3 1 30 48 48% 


Non- 

(28 cases) 8 10 2 1 0 0 7 21 57% 
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With the development of means to 
determine prothrombin quantitatively 
and with die coincidental discovery of 
vitamin K, interest in coagulation has 
in recent years been centered mainly 
on prothrombin. Knowledge concern- 
ing the other factors such as thrombo- 
plastin, calcium and platelets has not 
advanced proportionally and a number 
of investigators eidier ignore these fac- 
tors or complacently use, as in the case 
of thromboplastin, almost any type of 
preparation with httle consideration as 
to its purity or potency. 

The issue concerning the platelets is 
clear cut: either they play no direct 
role in coagulation, or they are the 
very key upon which the whole hemo- 
static mechanism revolves. It is the 
purpose of this paper to offer observa- 
tions that will help to settle this basic 
problem. 

An extensive historical discussion is 
dispensable since adequate reviews are 
available.^^’’^’’^® It should be men- 
tioned, however, that both Bizzozero^ 
and Hayem® came to the conclusion 
from microscopic studies that a sub- 
stance is liberated from disintegrating 
platelets that directly participates in 
coagulation. Their type of study has 


been extended by Fonio and Schwen- 
doner* who agree entirely with this his- 
toric view. Morawitz” postulated that 
the platelets supplied thromboplastin, 
and this plausible explanation of their 
action gained wide acceptance. Ha- 
yem" made the important observation 
that a decrease in platelets did not af- 
fect the speed of coagulation but 
caused an absence of clot retraction. 
LeSourd and Pagniez,” and Bordet 
and Delange- supplied an additional 
important observation: namely that 
only intact platelets could effect clot 
retraction. While the majority of in- 
vestigators have tacitly accepted that 
platelets supply thromboplastin, a few 
workers deny that platelets play an in- 
dispensable role in coagulation. Nolf 
has always maintained that all the es- 
sential agents of coagulation are pres- 
ent in the plasma. Lenggenhageri® 
summarily dismisses the platelets as 
having any part in the coagulation re- 
action. He postulates that a substance 
he calls prothromboldnine is changed 
by contact wth a foreign surface to 
an active form which combines with 
calcium and prothrombin to yield 
thrombin. Lozner and Taylor^- pre- 
sent a similar concept except that they 
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call their inactive precursor globulin 
substance. They state specifically; 
“that the effects of foreign surfaces on 
blood coagulation are essentially in- 
dependent of the intact platelet.” 

When Jaques and his associates® in- 
troduced a new agent, a silicone, which 
presents a surface to which platelets 
do not adhere, a new approach to the 
study of platelets was made possible. 
Jaques and his co workers were able to 
show that if the platelets were mark- 
edly reduced by centrifugation the 
coagulation time of the plasma was 
correspondingly increased. This was 
confirmed by Brinkhous® and Quick.^® 
The latter, furthermore, showed that 
the prothombin consumption was al- 
most reduced to zero in platelet-de- 
pleted plasma. 

In this study the function of the 
platelet is studied quantitatively by 
varying the number of platelets with- 
out changing the environmental condi- 
tions. The effect on coagulation time, 
speed of clot retraction, size of clot, 
and consumption of prothrombin are 
correlated. 

Experimental, Blood was obtained 
from young normal adults by veni- 
puncture. The syringe and needle 
were coated with silicone. Great care 
was taken to avoid contamination with 
tissue juice since this contains active 
thromboplastin. About 50 cc. of blood 
were collected and transferred to sili- 
cone-coated centrifuge tubes immersed 
in an ice bath. The syringes were kept 
in ice prior to use. One-half of the 
blood was centrifuged for 15 minutes 
at 4000 r.p.m. in an angle centrifuge. 
The plasma was transferred by means 
of a silicone-coated pipette to anodier 
tube and again centrifuged for 10 min- 
utes at high speed. The other half of 
the blood was centrifuged at SOO r.p.m. 
for 10 minutes. Tlie platelet-rich 
plasma was immediately transferred 
to a silicone-coated test tube im- 


mersed in ice water. A platelet count 
was made of the high and the low 
centrifuged plasma by direct count 
using 3.8^ sodium citrate as diluent. 
Generally fewer than 20,000 platelets 
per c. mm. remained in the first, but in 
• the second plasma the count was con- 
sistently much higher than in whole 
blood. 

The high and low centrifuged plas- 
mas were mixed in varying proportions 
to a volume of 2 cc. Immediately after 
mixing, the test tubes were placed in 
a water bath at 37° C. The beginning 
of coagulation and of clot retraction 
were carefully timed. It is not possible 
to determine accurately the comple- 
tion of coagulation, but it can be 
roughly estimated by the density of the 
clot. There is a close correlation be- 
tween the number of platelets and the 
speed at which the clot becomes 
opaque. Prothombin consumption was 
determined by the method of Quick.“ 
The prothombin time of serum ob- 
tained from hemophihc , or platelet- 
depleted plasma is 10 to 11 seconds 
instead of 12 seconds obtained \vith 
normal plasma. Due to this peculiar 
shortening, the estimation of prothrom- 
bin in serum as per cent of normal is 
less accurate than in plasma. Studies 
made on the blood of 3 cases of throm- 
bocytopenic purpura are included to 
show the possible significance of the 
present scheme of investigation to the 
problem of functional pathology of 
purpura. 

Discussion, The results obtained in 
this study clearly explain why the 
platelets have frequently been imder- 
estimated. If one were to judge the 
action of the platelets in the coagula- 
tion mechanism solely on the coagula- 
tion time, completely misleading con- 
clusions would be drawn. It will be 
observed that the beginning of coagula- 
tion occurs nearly as early in the 
plasma with few platelets as in one 
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with a large number. Furthermore, 
since coagulation begins at the top of 
plasma, the end jroint for the coagula- 
tion time is reached exceptionally 
early because sufficient fibrin is formed 
to prevent tire flow of blood long be- 
fore actual coagulation comes to com-^ 
pletion. Thus, not only is tire coagula- 
tion time technically unreliable and 
even misleading, but it is also physio- 
logically faulty for it measures the be- 
havior of blood under totally artificial 
surroundings and not how it functions 
in the lumen of a blood vessel after 
injury. 


mination is theoretically and, as will 
be pointed out later, practically a far 
more reliable measure of the true speed 
of coagulation than is the coagulation 
time as carried out by tire Lee-White or 
the numerous related procedures. 

Direct observation of tire progress of 
the clot is a fairly good guide for esti- 
mating coagulation, but it has the dis- 
advantage that it cannot be done on 
whole blood and even in plasma the 
end point, which is uniform opacity, 
does not necessarily mark the comple- 
tion of coagulation. Clot retraction 
correlates well with prothrombin con- 


T.VB1.E 1 . The CouttEu.vTios or the Numheu or the Co.\guu\tios Time or 

Pl.as.m.1, Speed or Clot Retk.ictio.v, Size or the Clot .v.vd Photiuiombi.s' Co.vslsiptio.s 
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Beginning of Clot Retraction 
(minutes) 
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3003) 

45(13H) 

5005) 
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* Total uniform opacity* of plasma. 

*• The 6gures in parenthesis represent the prothrombin limes of serum given in seconds. Tlie prothrtuu'iin cmsiimp- 
lion is calculated from these iigures. 


Far more accurate as a quantitative 
test of platelet function is the con- 
sumption of prothrombin and the speed 
and extent of clot retraction. The 
greater the number of platelets tlie 
more rapid the prothrombin consump- 
tion, i.e. the faster the conversion of 
prothrombin to thrombin. Below a 
certain number of platelets, no con- 
sumption of prothrombin can be dem- 
onstrated. To be sure coagulation oc- 
curs, since even with extreme care 
some platelets disintegrate; conse- 
quently some thrombin forms, and it, 
being an enzyme, will in spite of its 
minute concentration convert a con- 
siderable quantity of fibrinogen to fib- 
rin within the confines of a test tube. 
The prothrombin consumption deter- 


sumpdon and witli tlie number of 
platelets, as is clearly shown in Fig. 1 
and Table 1. The faster clot retraction 
appears, the more complete is the final 
retraction. The process follows in the 
main the same pattern as coagulation; 
namely, a' relatively long latent period 
followed by accelerated retraction and 
finally a slow tapering off. 

There still e.xists considerable con- 
fusion concerning the meaning of clot 
retraction and the basic mechanism 
involved. Quick^’^ has pointed out that 
a certain degree of adhesion exists be- 
tween fibrin and the walls of the con- 
tainer. Therefore the inner force, the 
retraction strength, must be greater 
than the adhesion power if retraction 
is to occur. This is the case when nor- 
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mal blood clots in a glass test tube. 
Collodion on the contrary has such a 
great a£Bnity for fibrin, that the retrac- 
tion force is too weak to counteract 
this adhesion; consequently no retrac- 
tion occurs when normal blood clots in 
a collodion-coated tube, as Hirsch- 
boeck® first observed. 

The bulk of cells is another purely 
mechanical factor which influences clot 
redaction. Retraction is most com- 


plete in cell-free, but platelet-rich 
plasma. In polycythemic blood, re- 
traction is poor even though the plate- 
lets may be above normal, simply be- 
cause the relatively weak retractive 
force cannot cope with the large cell 
mass and reduce its bulk. Naturally, 
anemic blood shows relatively good 
retraction. 

Clot retraction is generally held to 
be the same as the syneresis observed 



Figure 1.— The Influence of the Number of Platelets on the Speed and Extent of Clot 

Retraction. 

The numbers on tire tubes represent platelets per c. mm. 
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in a colloid gel, but this is probably 
erroneous, since it is not the completely 
formed fibrin gel which slirinks but 
rather die retraction actually occurs 
dm'ing the formation of fibrin. A ra- 
^tional explanation of tire process is as 
follows: due to the formation of a 
small amount of thrombin resulting 
either from the rupture of a few plate- 
lets or the entrance of a trace of tissue 
thromboplastin into the blood, a strand 
or two of fibrin are formed. This im- 
mediately serves as a foreign surface on 
which platelets will adhere and then 
disintegrate. At this locus of lysis a 
high concentration of thrombin will 
form a resulting dense mass of fibrin. 
The new fibrin supplies again a foreign 
surface and the high concentration of 
thrombin acts as a labilizing agent on 
platelets with the result that the pro- 
cess keeps repeating itself, massing the 


fibrin about a small focal point, prob- 
ably by twisting as Tocantins ‘‘‘ sug- 
gests. When the platelets are di- 
minished, no local areas of high con- 
centration of thrombin occur and there- 
fore tire fibrin is evenly distributed 
throughout tire plasma. Since the fib- 
rin strand has no intrinsic power to 
contract, no slirinking of the clot can 
occur. 

The present findings substantiate 
further tire senior author’s^® hypothesis 
that tire platelets on disintegration lib- 
erate an enzyme which is essential for 
the conversion of thromboplastinogen 
to active thromboplastin. The reaction 
between thromboplastin and prothrom- 
bin has been shown to be stoichiomet- 
ric, therefore the amount of thrombo- 
plastin made available is directly meas- 
ured by the prothrombin consumption 
test. The hypothesis previously offered 


A 


P laf clefs 


Plasma 


Thnombopiastino^cn 
►(aefivaiin^ cnjyme) 


(njurftd ifssuz 



TKromboplasHn + Ppotbrombin + Ca 




Fibrin 

SiA^as in coA^uiAtton 

1. Thfomboplastino^en + platekt cn ^yme ^ thromboplasfin 

2. Ppo'ihrombtn*)'thpomboplastin + Ca = thrombin 
B.Fibrino^ftn thrombin ^ fibrin 

Figure 2.— A Correlation of the Factors Participating in the Coagulation Reaction. 
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and discussed is presented in diagram 
form (Fig. 2). It should again be 
emphasized that physiologically the 
first or precipitating step in coagulation 
may be the entrance of a minute 
amount of tissue thromboplastin into 
the blood causing the formation of a 
small amount of thrombin, which not 
only causes the formation of fibrin to 
which platelets adhere, but also has a 
labilizing action on these cells. These 


reasonable to conclude that the speed 
of prothrombin conversion determines 
hemostatic efiectiveness, it is obvious 
why a diminution of platelets becomes 
a significant factor in producing a 
hemorrhagic tendency. It is also to be 
noted that the platelet enzyme can 
easily become inactivated. In fact the 
activation of thromboplastinogen is 
even incomplete in the coagulation of 
normal blood, and when the number of 



Figure 3.— Tlie Influence of tire Number of Platelets on the Speed of Protlirombin Conversion. 


2 actions of thrombin cause platelets 
to begin disintegrating which in turn 
brings about tire formation of more 
thrombin and thus sets off an auto- 
catalytic or chain reaction. 

If one constructs a graph plotting 
amount of prothrombin consumed 
against time for plasma containing 
varying number of platelets, a series 
of curves are obtained winch all tend 
to approach a fixed final value but the 
speed is dependent upon the total num- 
ber of platelets (Fig. 3). Since it is 


platelets is reduced, the amount of 
thromboplastin made available as meas- 
ured by tire protlirombin consumption 
test may be very small. 

An explanation can now be given for 
the paradoxical observation that the 
coagulation time is generally normal in 
thrombocytopenic purpura. A minute 
amount of platelet enzyme can produce 
enough thrombin to coagulate suffici- 
ent fibrinogen in 5 minutes to form a 
clot rigid enough to give the coagula- 
tion time end-point. The clotting time 
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therefore is apparently normal, but 
this does not signify that coagulation 
is normal, for on determining tire pro- 
thrombin consumption it is found that 
only a trace of protlirombin was con- 
verted during the first hour after coag- 
ulation. In Table 2 tlie findings of 3 
cases of tlurombocytopenic purpura 
are presented. In the 2 cases with dis- 
tinct low platelet counts tlie coagula- 
tion was normal but the prothrombin 
consumption was abnormally dimin- 
ished. These findings can be regarded 
as showing unequivocally for the first 
time a definite coagulation defect 
masked by a normal coagulation time. 
It will be recalled that the same occurs 
in hypoprothrombinemia. The normal 
coagulation time fails to give evidence 


lets. Glanzmann also postulated that 
platelets contain an enzyme, retracto- 
zyme, which is specifically responsible 
for clot retraction. This concept has 
never been confirmed, and it fails to 
e.xplain why only intact platelets can 
cause clot retraction. . The explanation 
of clot retraction offered in this paper 
makes it unnecessary to postulate any 
other factor than the enzyme which 
activates thromboplastinogen. 

Summary. A technique was devised 
for varying the number of platelets 
witlrout otherwise altering the plasma. 

The effect of the number of plate- 
lets was studied and the following ob- 
servations made; (1) The greater the 
number of platelets the sooner clot re- 
traction begins, and the smaller the 


Tabi.e i . .\ CoRRELATiox OF Numdeh of Platelets to Phothrombis Consumption in 

Thrombocytopenic Puupuua 

Prothromhin Consumplion in per cent of normal 

Number of Platelets 

Case in 1 c.niru. 1 hr. 2 hrs. 

1 80,000 trace (10 sec.) trace (10 sec.) 

2 29,000 trace (10 sec.) 40 (l4 sec.) 

3 115,000 50 (15 sec.) 00 (17 sec.) 

No clot retraction was observed in Cases 1 and 2, The coagulnlion lime was normal in all cases. 


of the basic coaguiative defect of the 
blood. It is high time therefore for the 
clinician as well as the investigator to 
recognize the limitation of the coagu- 
lation time. 

It should be noted that the second 
patient with a platelet count of 29,000 
showed a higher prothi'ombin conver- 
sion than the first who had a platelet 
count of 80,000. This suggests that a 
quantitative difference in the functional 
activity of platelets may occur. Glanz- 
mann® applied the term thrombas- 
thenia to a condition in which plate- 
lets were normal in number, but de- 
ficient in function. His concept has 
remained theoretical because of the 
lack of experimental means to demon- 
strate changes in the activity of plate- 


final clot; (2) Clot retraction is charac- 
terized by a relatively long latent pe- 
riod followed by an accelerated phase 
and protracted completion; (3) Within 
a wide range in the number of plate- 
lets no significant change in coagula- 
tion time can be observed; (4) As the 
number of platelets is diminished tire 
speed of prothrombin consumption is 
decreased, but within limits the final 
amount of prothrombin converted ap- 
proximates a fixed value; (5) Below a 
critical number of platelets (which 
varies in different bloods) the con- 
sumption of prothrombin stops after a 
relatively short time. This suggests 
that plasma contains an agent that in- 
activates the platelet enzyme; (6) In 



PLATELETS IN THE COAGULATION OF THE BLOOD 


205 


tlirombocytopenic purpura of sufficient 
severity, the consumption of prothrom- 
bin may be markedly diminished. This 
constitutes important evidence that a 


serious defect in coagulation is present 
which has heretofore been unrecog- 
nized because it is masked by a normal 
coagulation time. 
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We have reported elsewhere®-® the 
fact that evidence of liver dysfunction 
was found in apparently normal in- 
dividuals over 65 years of age when the 
hepatic function was tested by 5 differ- 
ent liver function tests. After a 5-year 
interval, a reinvestigation of the hepa- 
tic function in the aged was undertaken 
with substantially the same findings,^® 
A chemical determination of the total 
plasma proteins and the albumin-glo- 
bulin ratio by fractionation with 
sodium sulphate, however, failed to 
show any significant deviation from 
the commonly accepted normals.®-*’® 
It was therefore thought of interest to 


investigate the partition of the plasma 
proteins in a group of apparently nor- 
mal individuals by electrophoretic 
analysis, since the sensitivity of the 
method is such that any qualitative as 
well as quantitative variation from tlie 
normal could be detected. To the best 
of our knowledge, no such study has 
thus far been reported. 

Experimental Method. The subjects whose 
plasma proteins were studied comprised 21 
apparently normal individuals whose age 
range was between 70 and 95 years. Eleven 
were males and 10 were females. All were 
ambulatory and were on the usual institutional 
dietary regime which has been shown to be 
adequate in nutritional elements. 


Table 1.— Electbophobetic Patterns of Plasma of the Subjects Under Investigatio.'I 
(Figures represent percentage of total proteins) 


Total 


No. 

Age 

Se.x 

Alb. 

Alpha Glob. 

Beta Glob. 

Gamma Glob. 

Fib. 

Glob. 

A/G 

1. 

70 

M 

61.9 

6.9 

16.2 

10.6 

4.4 

33.7 

1.83 

2, 

79 

F 

55.0 

7.1 

18.6 

12.2 

7.1 

37.9 

1.45 

3. 

85 

F 

59.0 

6.2 

10.0 

14 0 

10.9 

38.2 

1.95 

4. 

89 

F 

57.6 

6.3 

14.6 

14.6 

6.3 

35.3 

1.62 

5. 

70 

M 

59.3 

7.3 ' 

14.6 

12 2 

65 

34.1 

1.74 

6. 

76 

F 

30.7 

10.0 

13.7 

12.9 

10.7 

38.6 

1.31 

7. 

73 

M 

50.7 

8.0 

17.4 

13.4 

8.8 

42.2 

I.IS 

8. 

80 

F 

50.5 

9.2 

20.6 

12.6 

7.4 

42.4 

1.19 

9. 

81 

F 

62.4 

12.6 

8.9 

9.9 

6.3 

31.4 

1.99 

10. 

86 

M 

52.9 

9.0 

10.3 

18.0 

9.7 

38.3 

1.38 

11. 

71 

F 

.55.2 

7.8 

18.2 

13.0 

5.8 

39.0 

1.42 

12. 

76 

F 

58.1 

13.5 

11.5 

10.8 

6.1 

35.S 

1.62 

13. 

77 

M 

53.2 

12.6 

9.8 

16.1 

8.4 

38.3 

1.38 

14. 

95 

M 

53.3 

7.4 

14.7 

15.3 

7.4 

37.4 

1.48 

15. 

76 

F 

57.8 

97 

12.2 

13.0 

7.3 

34.9 

1.65 

16. 

83 

M 

56.5 

13.6 

7.1 

13.6 

9.3 

34.3 

1.65 

17. 

78 

F 

30.0 

12.0 

14.7 

14.7 

8.7 

41.4 

1.21 

18. 

80 

M 

52.6 

90 

16.5 

14.3 

7.5 

39.8 

1.32 

19. 

76 

F 

59.3 

39 

14.5 

15.8 

4.6 

36.2 

1.64 

20. 

94 

M 

48.8 

6.1 

23.0 

16.2 

6.1 

43.3 

1.07 

21. 

70 

M 

47.5 

9.4 

16.9 

15.0 

11.3 

41.3 

1.15 
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The plasma was obtained with the patient 
in the fasting state. Sodium citrate was em- 
ployed as an anti-coagulant and the cells were 
immediately removed after the specimen was 
centrifuged. The plasma was stored in a 
frozen state until it was ready for processing. 
The plasma was thawed at 0°C, diluted 1 
to 4 with a buffer which was 0.02M with 
respect to phosphate ion, and 0.15M with 
respect to sodium chloride, and had a pH of 
7.6. The diluted plasma was then placed in- 
side a dialyzing membrane and dialyzed 
against tire phosphate buffer for 8 hours, after 

t 


Results. The e.xperimental findings 
are presented in Table 1. It may be 
seen from this Table that the albumin 
ranged from 47.5 to 62.4% of the total 
proteins, with an average of 55%; the 
globulins, exclusive of the fibrinogen, 
ranged from 31.4 to 45.3% of the total, 
with a mean of 37.9%. The fibrinogen 
ranged from 4.4 to 11.3%, with an aver- 
age value of 7,7%. This gave an A/G 
ratio between 1.07 and 1.99, with a 


A 




DESCEttPlNCa ASCElSPlhG 

Fig. 1. Curve 1.— Tracing of tlie electrophoretic pattern from Subject 1. 


which die buffer outside the membrane was 
replaced by 2 liters of fresh buffer solution, 
and the dialysis carried out for an additional 
16 hours. This dialysis was done at a tempera- 
ture of from 0 to 2°C. 

The electrophoresis was carried out for 
approximately Sis hours in a Klett apparatus, 
in a 2° water batli. Botli ascending and 
descending Schlieren patterns were obtained. 
The albiunin, alpha, beta, and gamma, glob- 
ulin fractions were computed from tlie de- 
scending patterns and fibrinogen was meas- 
ured on the ascending portion. This procedure 
was followed for purely practical purposes. 


mean value of 1.4. There was no signifi- 
cant difference between the values for 
males and females. In 12 of the 21 sub- 
jects, or 57%, the albumin globulin 
ratio was less than 1.5. Nine of the 
subjects or 437o, had plasma albumin 
values which were less than 55% of 
tlie total proteins. In 16 of the 21 in- 
dividuals, or 76%, the total globulin 
was more than 33% of the total proteins. 

The globulin fractions in the 21 sub- 
jects were as follows: (Table 1): The 
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alpha globulin ranged from 5.9 to 13.6% 
of the total protein witli an average of 
0.092. The beta globulin was 7.1 to 23% 
of the total protein with a mean of 0.148. 
In 14 of the 21 individuals or 67%, the 
beta globulin was above 14%, which 
was found to be the upper level in 
healthy young adults. The gamma glob- 

I 


dividuals. For this reason it is necessary 
to compare our findings with the results 
of those made in younger groups. 

In Fig. 1, Curve 1, which represents 
a tracing of the electrophoretic pattern 
from Subject 1, compares favorably 
with the normal electrophoretic pat- 
tern which was found by other investi- 


I 


A 



DESCeMOlNG. ASCENPINC. 

FtG. 2, Curve 8.— Tracing of the eleclrophoretJC pattern from Subiect 8. 


ulin fraction ranged from 9.9 to 16.2% 
of the total protein, with an average of 
0.138. 

Discussion. Various investigators*-® 
have undertaken to fractionate the 
plasma proteins in young normal adults 
and in patients suffering from various 
diseases, but to the best of our knowl- 
edge, no such study has been made 
of the plasma of the normal aged in- 


gators. In this curve, there was found 
an A/G ratio of 1.83, which is a normal 
value. On the other hand, in the curve 
obtained for Subject 8, %vith an A/G 
ratio of 1.19, the pattern (Fig. 2) is 
somewhat different. It may be noted 
that the area under the curve for the 
globulin fraction is greater that that 
shown in Curve 1. In Subject 20, who 
had a A/G ratio of 1.07, the curve 


Ta-elf 2 —Comparison of 

Results 

IS THIS Study 

WTTH THOSE REPOHTrD TOR YoLNC 

Healthy 

Adults 

Author 

■Ub. 

Alpha Glob. Beta Glob 

Gamma Glob. 

Total Glob 

Fib. 

A/G. 

Martin'^ 

0.58 

0 095 

0.11 

0.10 

0.31 


IS 


to 

to 

to 

to 

to 


to 


0 62 

0.14 

0.14 

0.14 

0.42 


1.9 

®Leutbcher® 

0 63 

0 07 

0.13 

0.13 

0.38 

0.06 

1.7 

* Moore and Lynn^ 

0.67 

0.07 

0.13 

0.12 

0.33 


1.94 

®Rafsk\^ Newman and Krie 

ger 0.35 

0 092 

0 148 

0.138 

0,38 

0 077 

1.45 


® Average values. 
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showed a more abnormal pattern (Fig. 
3). 

In Table 2 there is shown the aver- 
age result for the plasma fractions re- 
ported by several investigators, as com- 
pared with the values found in this 
study for the older group. It will be 
noted that the mean albumin percent- 
age found in this study is well below 
the mean albumin value reported by 
others. The total globulin is correspond- 


globulin comple.\ contains most of the 
lipid carrying protein of the blood 
stream. With this in mind, tlie increase 
in the beta globulin fraction in the ma- 
jority of apparently normal aged sub- 
jects becomes understandable, since it 
has been shown in a previous report'’ 
that the total cholesterol is elevated in 
most of the individuals past the age of 
65 years. 

The gamma globulins of the majority 


A' 
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Fic. 3. Curve 20.— Tmcing of the electrophoretic p.ittem from Subject 20. 


ingly higher, with tlie result that there 
is an A/G ratio lower tlian that re- 
ported by others for younger healthy 
adults. 

In Fig. 4 are shown the frequency 
distributions for the various protein 
fractions. They appear to follow, on 
the whole, the normal distribution 
curve. 

The average value for alpha globulin in 
the plasma of the subjects in this studv 
were within the normal levels reported 
by other investigators. In 67% of our 
individuals the beta globulin were in- 
creased. It has been shown bv Bli.\, 
Tiselius and Svenson- that the beta 


of the subjects appears to be within the 
normal limits reported by others for 
younger groups. This is not without 
possible significance, since the gamma 
globulins contain the antibodies to 
various antigens with which the indi- 
vidual has come in contact during his 
or her lifetime. It might be postulated 
that the subjects in our group, hav- 
ing been e.xposed to various diseases 
over a longer period, should have a 
greater total amount of antibody re- 
flected by a rise in gamma globulins. 
However, investigations of certain anti- 

O 

bodies (heterophile, febrile and com- 
plement titers) by Rafsky, Silberstein 
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and Newman/- have shown that in 
most cases, normal or even lower than 
normal titers of antibodies are present 
in the sera of normal aged subjects. 

Summary. 1. An electrophoretic anal- 
ysis of the plasma proteins was made 
in a group of 21 apparently normal 
aged subjects. 

2. In 12 of the 21, subjects, or 57%, 
the albumin-globulin ratio was less 
than 1.5. 


3. In 9 of the 21 subjects, or 43%, 
the plasma albumin was less than 55% 
of tlie total protein. 

4. In 16 of the 21 subjects, or 76%, 
the total globulin was more than 33% 
of the total plasma proteins. 

5. In 14 of the 21 subjects, or 67%, 
the beta globulin was higher than the 
upper normal levels reported for healthy 
young adults. 



Fig. 4.--Frequency distribution for percentages of various fractions. 
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Active cases of human brucellosis are 
noL readily detected. Therefore, there 
is need for any clinical or diagnostic 
procedure that will aid in the recogni- 
tion of the disease. It has been stated 
that brucellosis may at times be differ- 
entiated from other infections because 
in them the sedimentation rate of ery- 
throcytes is usually shortened-. Initial 
clinical studies in tliis clinic supported 
this statement, but with the accumula- 
tion of more data on bacteriologically 
proved acute and chronic cases of bru- 
cellosis, the sedimentation rate has 
been found to be of practically no aid, 
diagnostically. 

Material and Methods. The findings in 
this report are based upon investigations in 
43 human cases of brucellosis. Thirty-nine 
of the cases were due to Br. abortus, two 
were caused by Br. suis, and two by Br. 
inelitensis. Fourteen of the patients had an 
illness of less than 3 months in duration 
an.l were regarded as acute cases, while 29 
of the patients had been chronically ill for 
periods of 3 months to 10 years. Seven of 
the 35 patients, all chronic cases, had 
demonstrable localizing complications which 
included bacterial endocarditis, spondylitis, 
meningitis and a pericholecystic abscess. 
The Westergren method for measuring the 
sedimentation rate of erythrocytes was used 
in which tire upper limit for normal males 
is 10 mm. in 1 hour, and 15 mm. in 1 hour 
for females. 

Results. The results of the sedimenta- 
tion rates were correlated with the du- 
ration of the disease, the severity of the 
disease, the presence of complications 
and the presence or absence of fever. 


The Sedimentation Rate in Acute 
Brucellosis. Fourteen cases of acute 
brucellosis are included in tliis report. 
It is of interest that in 9 cases the rates 
were accelerated, and normal in the 
other 5. The rate did not appear to be 
related to the severity of the disease. 
Two laboratory workers became in- 
fected with Br. inelitensis with a dem- 
onstrable bacteremia. One individual 
had very minimal symptoms, which 
would have been entirely overlooked 
as being due to brucellosis under nor- 
mal circumstances, but 4 determina- 
tions showed rapid rates. The second 
person was moderately ill, and has had 

2 relapses, and yet the sedimentation 
rate was normal. The most rapid rate 
detected in all of the patients occurred 
in a patient who had been ill for only 

3 weeks, and who made a remarkably 
rauid recovery following tlierapy with 
streptomycin and sulfadiazine^. 

One can only conclude from the ob- 
servations made in these cases of acute 
brucellosis Uiat the erythrocyte sedi- 
mentation rate is of no value in dif- 
ferentiating the disease from other 
infectious diseases. 

The Sedimentation Rate in Chron- 
ic Brucellosis. A total of 81 determina- 
tions were carried out in 29 patients 
who had had evidence of active disease 
for 3 montlis or longer. Normal rates 
were obtained in only 7 of the 29 sub- 
jects. The presence or absence of an ac- 
celerated rate had no relationship to the 
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severity of the illness in this group of 
patients. Included in this group is a 
fatlier and his son with chronic dis- 
ease due to Br. abortus. Tlie former 
was moderately ill, and his sedimenta- 
tion rates remained normal. The son, 
on the other hand, was afebrile, though 
bacteremic, and had very little in the 
way of symptoms, and yet his rates 
were accelerated. 


caused by Br. abortus, one had normal 
rates, while the other had rapid rates. 
The patient having the pericholecystic 
abscess due to Br. suis had rapid rates 
whereas the patient witli meningitis 
due to Br. abortus had normal rates. In 
this small group of patients, then, with 
serious complications, the sedimenta- 
tion rates were not uniformly elevated. 
The sedimentation rate would not ap- 



Scdimen+aTion rate in mm. foil per hour (Westergren method) 


i’lG. 1.— Frequency distribution of sedimentation rates in 35 cases of bacteriologicaily proved brucellosis 

95 determinations. 


The sedimentation rate in chronic 
cases of brucellosis is of little practical 
value in the differential diagnosis of 
the disease. 

The Sedimentation Rate in Cases 
With Demonstrable Complications. 
Complications were observed only in 7 
patients having the chronic form of the 
disease and included subacute bacte- 
rial endocarditis, spondylitis, meningi- 
tis and a pericholecystic abscess with 
abscesses of the liver. Two patients 
having subacute bacterial endocarditis 
due to Br. abortus had accelerated 
rates. Of 2 individuals with spondylitis 


pear too helpful in ascertaining if com- 
plications were present. 

The foregoing data have been pre- 
sented graphically in Fig. 1, along witli 
the frequency distribution of sedimen- 
tation rates in a total of 35 cases of 
proved brucellosis. 

The Relationship of the Sedimen- 
tation Rate to Fever. A total of 95 
determinations of the sedimentation 
rates was made in 35 proved cases, 7 
of them with localizing complications 
previously described, with relation to 
the temperatures of the patients at the 
time the tests were made. The informa- 
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tion is presented graphically in Fig. 2. 
There was no direct relationship ob- 
served between the height of the fever 
and the rapidity of the sedimentation 
rate. 

Prognostic Value of the Sedimen- 
tation Rate in Brucellosis. Although 
the sedimentation rate is of little diag- 
nostic value in brucellosis, the proce- 


recover completely or who had relapses 
had consistently elevated rates. In the 
latter group of cases, the rapid sedi- 
mentation rates occurred in individuals 
who were afebrile and abacteremic, yet 
who were ill. 

Discussion. The observations re- 
corded in this paper indicate quite 
clearly that the erythrocyte sedimen- 



Sedimcntation rate in mm. fall per hour (W/cstergren method) 


Fig. 2.— Comparison of sedimentation rate and fever in 35 cases of bacteriologicalJy proved brucellosis. 

95 determinations. 

dure may be of aid in interpreting the tation rate is of no practical value in 

clinical course of the patient. The sedi- differentiating active brucellosis from 

mentation rate has been helpful in as- other infectious diseases. Patients quite 

certaining whether active disease is ill with a chronic form of the disease 

still present in patients who have re- may have normal rates, even in the 

covered symptomatically. Although fur- presence of complications. Another 

ther investigations are necessary, and chronic infectious disease with similar 

patients will have to be followed for a findings is tuberculosis.^ Patients with 

number of years, it has been observed e.xtensive pulmonary tuberculosis may 

on several occasions tliat as the pa- have normal sedimentation rates. Ac- 

tient assumed a state of normal health, tive rheumatic fever is another condi- 

either as a result of specific treatment tion where normal rates may be ob- 

or spontaneously, the sedimentation tained. 

rate approached or became normal. The sedimentation rate may be of 
Conversely, the patients who did not definite aid from a prognostic point of 
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view in brucellosis; that is, in patients 
having an accelerated rate, although 
they are symptomatically well, tliere 
exists more of a possibility for a clinical 
relapse than in individuals who have re- 
covered simultaneously with a return 
of the sedimentation rate to normal 
values. Similar observations have been 
made in patients with chronic disease 
such as tuberculosis and rheumatic 
fever. 

Summary, 1. The erythrocyte sedi- 
mentation rate was evaluated in 43 pa- 


tients having bacteriologically proved 
acute or chronic brucellosis. The test 
was found to be of little practical value 
in differentiating brucellosis from other 
infectious diseases. Normal or acceler- 
ated rates had no definite relation to 
the duration or severity of the illness. 

2. Sedimentation rates appear to be 
of some prognostic help in ascertaining 
the presence or absence of active dis- 
ease in patients who have recovered 
symptomatically from the disease. Per- 
sistent rapid rates appear to be asso- 
ciated with continued active disease. 
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Although the treatment of carcinoma the e.xperimental work being performed 
of the breast has undergone no radical on animals. A large part of general 
transformation within the past few cancer research is now directed to- 
years, the disease has taken on new sig- ward mammary cancer, and recently 
nificance by reason of certain related there have been opened up new 
developments. First, the number of avenues of approach which may prove 
patients seeking medical advice for applicable to the problem of the con- 
breast symptoms has increased as a trol of human breast cancer. The 
result of the concern aroused by the physician will find it worth while to 
educational campaign of tlie American review briefly die existing knowledge 
Cancer Society, the Public Health about this important disease. 

Service, and other agencies. The lay- Incidence. In 1946 carcinoma of the 
man is becoming increasingly cancer breast caused 17,500 deaths in the 
conscious, and many women who, 10 United States, a crude death rate of 
years ago, would not have known what 12.5 per 100,000 persons.^® Cancer of 
a lump in the breast signified or how to the breast is not as lethal as cancer in 
locate it are now thoroughly conver- many other parts of the body. Only 
sant widi the symptoms of carcinoma one-fifth of patients with breast 
and arc seeking medical attention at cancer die within a year of diagnosis 
the slightest suggestion of trouble. This as compared to an average of one- 
means that there is now a greater op- third of all types of cancer.-® Thus the 
portunitv'^ to reduce the high mortality prevalence of mammary cancer among 
from breast cancer through early diag- the living is even more striking than its 
nosis and early treatment. high death rate. Dorn,-i in 1944, esti- 

A second development which has mated on the basis of the urban white 
important bearing on breast cancer is population diat there were lOS patients 

( 215 ) 
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with carcinoma of the breast per 
100,000 persons. Approximately 99% of 
all breast carcinoma, occurs in females. 
Recent morbidity data from New York 
State indicate that the breast is by far 
the most frequent site of cancer in 
women, being almost twice as common 
as cancer of the cervix and 3 times as 
common as cancer of the stomach.^^-^® 
In 1946 the number of women dying 
from breast cancer was larger than 
from any other type of cancer, with 
the e.xception of cancer of the digestive 
system.^® 

The death rate from cancer of the 
breast increased from 10.7 per 100,000 
population in 1936 to 12.5 in 1946, but 
these are crude death rates and do not 
allow for the ageing of the population 
during the period.®® 

Etiology of Carcinoma of the 
Breast. Animal Experimentation. A 
tremendous amount of work has been 
done on the genesis of mammary 
tumors in the experimental animal, es- 
pecially the mouse. The work was 
recently reviewed by Shimkin.®® The 
development of mammary cancer in 
the mouse appears to be controlled by 
the following 3 factors: (1) its genetic 
constitution, (2) a milk factor, and (3) 
hormonal stimuli.®®-®® 

For many years strains of mice with 
a high incidence of breast cancer due 
to a gene or chromosomal factor have 
been produced by inbreeding e.xperi- 
ments. In 1936 Bittner®-^® discovered 
that the development of mammary 
carcinoma in mice was partly depend- 
ent on another factor, extrachromo- 
somal, in the mother’s milk. By 
suckling young females of a low tumor 
strain on mothers of a high tumor 
strain, the incidence of mammary 
carcinoma was increased. Bittner’s 
work has been confirmed by many 
investigators.'^’®® By this method Haag- 
ensen and Randall®® recently induced 
mammary cancer in 76% of the females 
of a strain of mice in which there was 


no mammary carcinoma among control 
animals. They found that as little as 
0.2 cc. of milk could induce cancer. 
The responsible agent in the milk has 
not yet been identified but has been 
postulated to be a virus. The milk 
factor was not found in whole blood 
in significant concentrations.®-® 

Lacassagne,®® in 1932, produced 
breast carcinoma in male mice by the 
injection of large doses of estro- 
gens. His work has been greatly 
extended.®®’®®-®®'®® Geschickter®® report- 
ed the production of mammary cancer 
in 100% of nonsusceptible rats, male or 
female, by prolonged administration of 
estrogens. Shimkin and Wyman®® found 
the carcinogenic dose for male mice 
within the ranges of concentration 
elaborated by the normal female of the 
species. The fact that carcinoma is pro- 
duced not only by the naturally occur- 
ring steroids but also by synthetic 
estrogens with a different chemical 
structure suggests that estrogens are 
not directly carcinogenic but 3iat they 
stimulate the tissues to provide a 
medium suitable for the development 
of cancer.®® 

It is difficult to assess the relative 
importance of the three factors— 
heredity, milk factor, and hormonal 
stimulation— because of the unsolved 
problems involved in an attempt to 
measure one independently of the 
others. That they do work independ- 
ently is suggested by the variations 
which occur in the mouse’s mammary 
gland depending on which factor is 
predominating.®* 

Mammary cancer has also been 
induced in mice by the cutaneous and 
intraperitoneal adminstration of methyl 
cholanthrene.®'^’'^® 

Etiologic Factors of Importance in 
the Human. Heredity, the milk factor, 
and hormonal stimulation have not 
been proved to be of primary signifi- 
cance in the etiology of human cancer. 
In the human, hereditary factors are 
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probably only of importance as regards 
organ specificity.^'*'-'^’’’^^'®® McDonaid'^^ 
found that in relatives of patients with 
carcinoma of the breast the incidence 
of mammary cancer \yas 3 times that 
expected. 

No evidence has yet been found of 
the operation of the milk factor in tlie 
human. Macklin'^- suggested that an 
attempt be made to trace a group of 
women whose mothers died in child- 
birth and who were not nursed by a 
wet nurse. A low incidence of carci- 
noma of the breast in such a group 
would suggest a direct relationship. As 
yet the available facts do not justify 
the recommendation that women with 
a family history of cancer should not 
nurse their young,^'*-’^- although this has 
been suggested.'^'* 

In 1944 Nathanson'^'^ summed up the 
evidence for the hormonal causation of 
carcinoma of the breast as follows: 
“Hormones may possibly be the direct 
cause of malignant change in the 
breast, either from an excess stimula- 
tion or as the result of an atypical 
metabolism. As yet there is not con- 
crete evidence to prove this. It is likely 
that they merely prepare a substrate 
upon which anotlier agent may act.” 
For many years estrogenic hormones 
have been given to large numbers of 
women for therapeutic purposes, but 
only rare reports have appeared which 
would indicate that carcinoma of the 
breast might have been caused by 
such administration.®'®'®® In these cases 
the evidence that carcinoma was pro- 
duced by estrogens was not conclusive. 

Two recent case reports suggest a 
causal relationship between carcinoma 
of tlie male breast and hormones. One 
man developed carcinoma following 
ingestion of 1,097 mg. of diethylstil- 
bestrol over 489 davsh another had 
carcinoma of the breast associated with 
chorioncarcinoma of the testis.®'’ 

The results of animal experimenta- 
tion would seem to warrant Chase’s 


admonition^^ that “estrogens should 
not be given to any woman in amounts 
greater than normally occcurring; and 
none at all to women with a family 
history of carcinoma, especially of the 
breast; and none to a woman operated 
on for a breast tumor, before or after 
operation.” 

Childbearing and nursing apparently 
decrease the likelihood of the develop- 
ment of breast cancer,®'^'^'-®-'^^''^®'®® This 
has given rise to the stagnation theory 
of causation. Adair- reported that only 
8.5% of patients who developed mam- 
maiy cancer gave a normal nursing 
history, whereas 80% of a control group 
of healthy women had nursed their 
children normally. For prophylaxis 
against breast cancer he advised that 
the mother nurse her children unless 
definite contraindications were present. 
If tlie milk factor proves to be effective 
in die human and if nursing is dis- 
couraged, the mother’s chances of 
developing cancer may be increased in 
order to decrease those of the child. 

An attempt was made to determine 
the effect of fertility on the age at 
which cancer of the breast occurs by a 
detailed study of 201 women treated 
at the Hospital of the University of 
Minnesota."® It was found that the 
average age of occurrence of breast 
cancer was the same for sterile women, 
those with low fertility, and those wadi 
a large number of pregnancies. 

Carcinoma of the breast is most com- 
mon in middle life.'^® The peak of the 
age incidence is between 46 and 48 
years and the median age, 52. One- 
third of the patients are from 45 to 55 
years of age. 

The presence of certain benign 
lesions in the breast has been thousht 
to increase the likelihood of cancer. It 
is probable that intraductal papilloma 
more than any other breast lesion pre- 
disposes to the development of cancer.®® 
Exhaustive studies have been made to 
determine the relation of chronic 
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cystic mastitis to carcinoma of the 
breast, but the subject is still contro- 
versial. The studies of Warren®®'**** and 
Logie**** suggest that there is a causal 
relationship. Warren’s data indicate 
tliat the breast cancer attack rate for 
women from 30 to 49 years of age with 
chronic cystic mastitis is 11.7 times the 
rate for the Massachusetts female popu- 
lation. Other reports have stated that 
most types of chronic cystic mastitis are 
not precancerous.****'®**'**^ Geschickter®** 
stated that only in adenosis is there a 
significant predisposition to malignan- 
cy. It appears that the causal relation- 
ship, if it exists, is tenuous. There is 
general agreement that the danger of 
cancer is not great enough to warrant 
simple mastectomy in this condition for 
prophylactic reasons.®**’®**'®^-®® 

Pathologic Histology. Foote and 
Stewart,®** recognizing that no gener- 
ally accepted classification of breast 
carcinoma existed, recently published 
the classification used at the Memorial 
Hospital in New York City: 

Histologic Classification of Carci- 
nomas OF THE Breast 

I. Paget’s Disease of the Nipple. 

II. Carcinomas of Mammary 
Ducts, (a) Noninfiltrating tumors: 1, 
Papillary carcinoma; 2, Comedo carci- 
noma. 

(b) Infiltrating tumors: 1, Papillary 
carcinoma; 2, Comedo carcinoma; 3, 
Carcinoma with productive fibrosis; 4, 
Medullary carcinoma; 5, Colloid car- 
cinoma. 

III. Carcinomas of Mammary Lo- 
bules. (a) Noninfiltrating; (b) Infiltrat- 
ing. 

IV. Relatively Rare Carcinomas. 

(a) So-called sweat gland carcinoma; 

(b) Intracystic carcinoma; (c) Spindle- 
cell carcinoma, “adenosarcoma”; (d) 
Adenoid cystic carcinoma; (e) Carci- 
noma with osseous and cartilaginous 
metaplasia; (f) Squamous carcinoma; 
(g) Malignant variant of fibro-adenoma 
and cystosarcoma phtjllodes. 


It is now generally thought that 
Paget’s disease of the nipple always 
arises in the mammary ducts and ex- 
tends to the nipple only secondarily.^®’®*' 

Preoperative Diagnosis. It may be 
stated that, in general, the easier the 
diagnosis of a given cancer of the 
breast, the less the chance of cure. 
Skilled observers may be able by a 
painstaking physical examination to 
differentiate a small benign from a 
small malignant lesion in a high per- 
centage of instances.®** This is probably 
not possible for most examiners.®®'®* 
What is most important is the recogni- 
tion of small and indefinite “dominant 
lumps” and their subsequent excision 
for gross and microscopic examina- 
tion.®® Small axillary metastases are 
particularly difficult to recognize pre- 
operatively, and nodes enlarged by be- 
nign processes are often mistaken for 
axillary metastases.®®'®* 

In recent years, several types of be- 
nign breast lesions have been described 
which may give all the clinical signs of 
carcinoma: plasma cell mastitis,®® 
granular cell myoblastoma,*® circum- 
scribed suppurative mastitis,®* and 
comedo mastitis.®® The fact that these 
lesions often cannot be differentiated 
from carcinoma by a preoperative e.x- 
amination emphasizes the necessity of 
biopsy before performing a radical 
mastectomy. 

Low-Beer and his co-workers**®'***’*'® 
of the University of California have re- 
cently reported interesting experiments 
on the diagnosis of breast lesions using 
radioactive phosphorus (P.'i 2 ). Twenty- 
four or 48 hours before operation tracer 
doses of radioactive phosphorus were 
administered intravenously in the form 
of disodium hydrogen phosphate solu- 
tion to patients with breast lesions. 
Skin surface measurements of radioac- 
tivity were made with the Geiger-Miil- 
ler counter. Sixteen of 17 patients with 
benign breast lesions gave skin surface 
measurements comparable to those of 
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normal skin. Of 41 patients with malig- 
nant lesions of the breast, all but 7 
showed an increase in skin surface 
measurements of over 25%. These 7 in- 
cluded very small and deeply seated 
lesions. Benign inflammatory lesions 
gave greatly increased radioactivity 
over the infected areas. 

Roentgenography of the breast, 
either with or without injection of 
opaque material into the ducts, has 
been recommended as an aid in the 
diagnosis of breast lesions,'” but 
has not generally been accepted as hav- 
ing much value. 

Prognosis of the Untreated Pa- 
tient. In 1946 Wade”” compiled data 
from several reports on 777 patients 
with carcinoma of the breast who had 
had no treatment whatsoever. The 
average duration of life from the onset 
of symptoms was 38.3 months. Spon- 
taneous cure has not been reported. In 
Daland’s series^'^ of 100 untreated pa- 
tients the average duration of life after 
the onset of symptoms was 40.5 months, 
and 22% of the patients were alive after 
5 years, 9% after 7 years, and 5% after 
10 years. 

Tiusatment. It is generally agreed 
that our present techniques of treating 
breast cancer are of real value in the 
cure of early lesions and are effective 
in the palliative therapy of advanced 
disease. In treated patients one can ex- 
pect a 5 year survival of appro.ximately 
40%.^”-^^””-''’- The prognosis in cancer 
of the breast is considerably influenced 
by the presence or absence of axillary 
metastases. If the lesion is limited to 
the breast, approximately 60 to 85% of 
patients can, with proper treatment, be 
expected to survive 5 years or more; 
whei'eas with axillarv node in\’oIve- 
ment only approximately 25% will live 

^ 1 1*30, H, to, ,93 

ren and Tompkins”’” have showm that 
both the cure rate and the survival time 
decrease as the extent of axillaiy’’ met- 
astases increases. Yet treatment is of 


value even in far advanced carcinoma 
of the breast. Wade”'*' estimated that 
even in advanced breast carcinoma ra- 
diotherapy, alone or combined with sur- 
gery, increased the survival rate by 
21.5% at 1 year, 22.5% at 2 years, 10% 
at three years, 10.5% at four years, and 
9.5% at 5 years. 

Radical mastectomy remains the 
treatment of choice in carcinoma of 
the breast. Little new has been added 
to its technique. The completeness with 
which the operation is performed is 
much more important than the type of 
operation used. This was emphasized 
by one study“ in which the survival 
rate for radical mastectomy was in di- 
rect proportion to the duration of the 
operation. Not only must operation be 
complete, but great care must be taken 
not to implant cancer cells in the opera- 
tive field, i.e. to practice “cancer asep- 
sis”. Cancer has been implanted 
into the donor site when skin grafting 
has been performed in radical mastec- 
tomy.^- Haagensen”^ has recently de- 
scribed his technique of radical mas- 
tectomy which emphasizes the funda- 
mentals laid down by Halsted and Wil- 
ly Meyer and includes routine skin 
grafting. The careful undercutting of 
the skin to the limits of deep removal 
has been advocated to decrease skin 
recurrences.’” Rodman”” attributed a 
low incidence of skin recurrences 
(2.2%) following radical mastectomy 
to extensive skin removal. For tlie sur- 
geon who finds it necessary to ligate 
the a.xillary vein during radical mastec- 
tomy it may be of interest to note that 
significant edema of the arm did not 
follow its ligation in 4 instances.”’ 

Postoperative lymphedema has been 
a perple.xing problem for surgeons. It 
is most commonly caused by infection 
and Roentgen-ray dermatitis.”’ Gutlirie 
and Gagnon”” have reported an opera- 
tion for the relief of lymphedema in 
which several collodion strips are in- 
serted subcutaneously from the arm to 
the chest and left in place for 3 weeks. 
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In recent years there has been a ten- 
dency to limit the criteria of operability 
of carcinoma of the breast because of 
the poor results obtained in far ad- 
vanced disease.'*^'*’^ Haagensen and 
Stout, after a careful study of post- 
operative results, set up the following 
definite contraindications to operation: 
1, distant metastases; 2, inflammatory 
type of carcinoma; 3, supraclavicular 
metastases; 4, edema of the arm; 5, 
intercostal or parasternal nodules; 6, 
sateUite nodules in skin over the breast; 
7, carcinoma developing during preg- 
nancy or lactation. They obtained no 
cures if any of these existed and re- 
garded a patient with any of them as 
“categorically inoperable”. ' 

The following factors were found to 
signify such a poor prognosis that the 
presence of any two in a patient was 
regarded as a contraindication to 
operation: 1, ulceration of the sldn; 2, 
limited edema of the sldn (less than a 
third of the breast surface); 3, fixation 
of tumor to chest wall; 4, a.xillary nodes 
measuring 2.5 cm. or more in diameter 
and proved to contain metastases by 
biopsy; 5, fixation of axillary nodes to 
skin or deep structures with nodes 
proved to be metastatic by biopsy. 

If these criteria were rigidly ob- 
served, the 5 year survival rate would 
certainly be increased, but some 
patients would lose the chance of 
cure.'*®'^^’®-’®^ The carcinoma which 
develops during pregnancy or lactation 
is not hopeless as shown by reports of 
long survivals following ra<hcal mastec- 
tomy in such instances.'^®-'*'^-®® 

Although most observers have 
thought surgery to be contraindicated 
in inflammatory carcinoma of the 
breast, Meyer, Dockerty and Harring- 
ton'^® recently reported 61 patients with 
inflammatory carcinoma treated by 
radical mastectomy and postoperative 
irradiation. Three patients Uved more 
than 5 years after operation, and 1 was 
alive 9 years after operation. 

Irradiation. One of the most contro- 


versial subjects relative to breast can- 
cer is the value of Roentgen-ray 
tiierapy as an adjunct to operation. 
Preoperative irradiation is rarely used 
in the United States, but opinions are 
divided concerning the usefulness of 
postoperative irradiation. Most obser- 
vers believe that if the axillary nodes 
are not involved, postoperative irradia- 
tion adds little or nothing to the length 
of survival.®'®®'®^’®^ There has been 
great disagreement as to the value of 
irradiation when axillary metastases are 
present. Most writers have advised 
routine postoperative irradiation if 
axillary metastases are present,®-®'*’'^®-'’®’ 
5o,Go, 60, 67,68,7-, 82 Pyj. jjq ygry convincing 

statistical proof of its value has yet 
been given. Other authorities do not 
believe it is worth while except for 
recurrences or metastases.®®’®^ As the 
result of a recent study at Stanford 
University, Siris and Dobson®^ have 
eliminated routine postoperative irradi- 
ation. 

Irradiation is often of striking value 
for recurrences or metastases. Recent 
reports have emphasized the increase 
in survival as well as alleviation of 
suffering which irradiation affords in 
far advanced disease.^^’®®’®*’®'' 

Castration. Because of the possible 
causal relationship between estrogens 
and mammary carcinoma, castration 
has been advocated for the treatment 
of carcinoma of tire breast of women 
of premenopausal age. Castration has 
been found to produce temporary 
improvement in about one-fifth of 
patients with metastatic carcinoma.®’^® 
The greatest effect has been that on 
bone metastases. There seems to have 
been little difference in the results 
whether castration was by irradiation 
or by surgery. The value of castration 
as a prophylactic procedure following 
radical mastectomy is difficult to assess. 
Adair and his associates® advise castra- 
tion for any young women of pre- 
menopausal age shown to have axillary 
metastases. From a study of 25 patients 
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treated by radical mastectomy and cas- 
tration, Horsley’’^ has concluded that 
castration is a valuable adjunct. 

Hormones. During the last few years 
both estrogens and androgens have 
been shown to have beneficial effects 
on some patients with advanced carci- 
noma of the breast Soft tissue mani- 
festations of breast cancer are improved 
by administration of estrogens in about 
a third of patients over 60 years of age. 
A deleterious effect is produced in 
women who are menstruating. 

Androgens may affect metastases from 
carcinoma of the breast at any age. 
Testosterone is especially effective 
'against osseous metastases but may 
affect soft tissue metastases in large 
doses. Neither esti'ogens or andro- 
gens appear to have more than a 
temporary effect and are probably not 
as beneficial as Roentgen-ray therapy.^** 

Summary. Some of the recent litera- 
ture concerning carcinoma of the fe- 


male breast has been briefiy reviewed. 
Although no radical changes in treat- 
ment have occurred, it is logical to e.x- 
pect a decrease in mortahty because 
women with breast lumps are now re- 
porting to physicians earlier. The 
physician, in turn, must e.xcise all 
"dominant lumps” for gross and micro- 
scopic examination and perform a 
radical mastectomy if the mass proves 
to be cancer. 

Expei’imental mammary carcinoma 
in mice is intimately related to 3 fac- 
tors: heredity, the milk factor, and 
estrogens. As yet none of these lias 
been proved to be of primary impor- 
tance in the etiology of human mam- 
mary cancer. The preoperative diag- 
nosis of breast lesions by the use ot 
radioactive phosphorus, now in the 
e.vperimental stage, is an ingenious new 
approach which may prove to be 
valuable. 
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PIemorrhagic extravasations into the 
retina or into the vitreous or both 
occupy a prominent part in the ophthal- 
moscopic picture of many of the lesions 
of the internal eye which have loss of 
vision as their primary manifestation. 
In some of these lesions, the bleeding 
is due either to disturbances in the 
clotting mechanism of the blood or to 
defects in the vessel walls, and is the 
primary factor causing tlie disturbance 
of vision. In others, tlie bleeding is 
merely a secondary manifestation of an 
underlying inflammatory or degenera- 
tive process in the retina or choroid in 
which the blood vessels are involved 
only incidentally. In either event, the 
control of the bleeding is likely to seem 
to be the most important factor in the 
therapy of the retinal lesion. Therefore, 
the ophthalmologist seizes with avidity 
on anv new drug recommended for 
this purpose. At first, such drugs are 
likely to be employed indiscriminately 
without careful consideration of the 
mechanism of the hemorrhage or the 
mode of action of the drug. Graduallv, 
howe\er, the use of the drug is 
narrowed dowm to use in those types of 
cases in which it is at least theoreticallv 
rational. This has occurred with rutin 
and its predecessor, hesperidin. 


Hemorrhages in the retina have been 
noted to be associated frequently with 
increased fragility of the minute vessels 
of the skin, particularly in such disease 
entities as nonthrombocytopenic pur- 
pura, hypertension and diabetes mel- 
litus. Various substances, such as citrin, 
hesperidin and rutin have been advo- 
cated for the treatment of such hemor- 
rhagic conditions on the basis of their 
property of restoring normal capillary 
integrity in vessels with increased 
fragility. A rather voluminous literature 
has appeared recently. 

Szent-Cyorgyi and associates^ in 1936 
first j^ostulated the existence of a sub- 
stance which they called “vitamin P” 
(permeability vitamin) on the basis of 
the action of an extract of Ilungarian 
red jiepper and lemon juice in cases 
of idiopathic or nonthrombocytoiienic 
purpura. This extract was called “citrin” 
or “vitamin P,” and it was suggested 
that a deficiency of this substance was 
responsible for the purpuric manifesta- 
tions. From citrin later was isolated a 
glucoside, hesperidin, which was first 
reported in citrus fruits by Lebreton-”^ 
in iS2S. Studies of the properties and 
composition of citrin ha\e shown it to 
be an impure mixture of hesperidin 
and eriodictyol, both of which are fla- 
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vanone glucosides.-^ Mager®'’ in 1942 
isolated eriodictyol rhamnoside from 
citrin, and Higby®* from his study in 
1943 of the crude flavone preparations 
concluded that the eriodictyol gluco- 
sides were not the source of vitamin P 
activity. He further found that pure 
hesperidin, pure limonin, or pure erio- 
dictyol had no effect, but a substance 
isolated from crude orange hesperidin, 
identified as hesperidin methyl chal- 
cone, was found to be active. The fla- 
vone glucoside rutin was isolated from 
buckwheat in 1860 by Schunck.'^'* How- 
ever, the properties of only one of the 
flavones were little known until Szent- 
Gyorgyi reported his findings. Akamat- 
su- in 1931 observed increased action 
of the frog heart with decreased pulse 
rate and increased minute volume after 
administration of such flavones as quer- 
cetin, quercitrin, rutin, myricetin, and 
myricitrin, but noted no other physio- 
logic activity. Rutin is a rhamnogluco- 
side of the flavonol quercetin, having a 
chemical structure similar to quer- 
citrin.®® Couch, in evaluating the capil- 
lary action of the various flavones, noted 
the similarity of the structure of rutin 
to that of hesperidin. The first studies 
on human beings were begun in 1942. 
Hesperidin decreases capillary fragility 
but has no effect on capillary perme- 
ability. Rutin is thought to affect both 
capillary fragility and permeability. 

Abnormality of the capillary walls 
may be manifested in either or both of 
two ways: 1. A weak portion of the 
capillary may rupture with consequent 
extravasation of blood cells into the 
tissues, forming a capillary petechia. 
2. Permeation of fluid may increase 
from the capillary into the intercellular 
spaces. The first abnormality is termed 
“increased capillary fragility” and the 
second is called “increased capillary 
permeability.” In the latter condition a 
larger amount of protein than normal 
usually is released through the cap- 
illary walls. The mechanism of these 
disturbances is not entirely understood; 
but, as noted by Peck and Copley 


various physiologic alterations may be 
the basis for the pathologic manifesta- 
tions. It may be that there is increased 
hyaluronidase activity tending to 
liquefy the pericapillary supporting 
tissue which contains hyaluronic acid. 
On the other hand, there may have 
been damage to the endothelium, 
resulting in inhibition of production of 
the intra-endothelial cement substance 
which may act as a protective coating 
for the lining of the capillary. Or there 
may be changes in the pericapillary 
elastic tissue as a result of which its 
cushioning effect is impaired to such 
a degree that application of pressure 
will cause rupture of the endothelium. 
Peck and Copley noted that this diver- 
sity of physiologic and pathologic pos- 
sibilities may be responsible for the 
successful treatment of increased capil- 
lary fragility in one disease whereas 
llie same treatment is ineffective in 
another disease in which the status of 
tlie capillaries is apparently similar. 

The determination of capillary fra- 
gility is made usually by a positive 
pressure method, either the original 
supradiastolic technic of Rumpel- 
Leede or the infradiastolic technic of 
Cothlin.^'^ The inajority of recent 
authors seem to prefer the latter. For 
testing capillary permeability, the 
observation of changes in lymph flow 
by use of vital dyes, such as patent 
blue V injected intradermally, as 
originally devised by McMaster,®® and 
successfully employed by Criffith and 
Lindauer,®® is simple and adequate. 
Peck and Copley*^ thoroughly reviewed 
the various methods of testing for 
capillary abnormalities and gave a 
complete bibliography of this subject. 

Capillary fragility has been found to 
be elevated in a host of conditions. 
Diem'^ tested capillary resistance of 
more than 500 patients by the negative 
pressure (suction) method of Hecht. 
and found a lowered resistance in 
minor infections and into.xications, 
e.xtremely low resistance in polyar- 
tliritis, moderate lowering in epidemic 
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hepatitis, glomerulonephritis, hepatic 
cirrhosis, gastric and duodenal ulcers, 
scarlet fever, multiple sclerosis and 
diabetes mellitus. A lowered content 
of vitamin G in the blood causes an 
increase in capillary fragility in scurvyd 
This responds to the administration of 
ascorbic acid, but much more readily 
to combined treatment with ascorbic 
acid and vitamin P (citi'in, hesperidin 
and rutin). However, Scarborough"^® 
stated that increased fragility of the 
capillary walls must be regarded as 
evidence of a deficiency of vitamin P. 
He described two forms of subcuta- 
neous bleeding as a result of nutritional 
deficiency: (1) that caused by a defi- 
ciency of ascorbic acid, in which 
capillary resistance may or may not be 
low, but in which large ecchymoses 
involve the subcutaneous tissue and 
muscles, and (2) that caused by a 
deficiency of vitamin P, in which small 
petechiae are found in the skin. He 
stated that vitamin P alone does not 
control the large subcutaneous hemor- 
rhages, anemia and general malnutri- 
tion characteristic of the scorbutic 
state, but these respond readily to large 
doses of ascorbic acid. But, he stated, 
vitamin P does benefit a lowered capil- 
lary resistance, if present in a case of 
scurvy. 

Increased capillary fragility has not 
been reported in any individuals who 
are healdiy. Cutter and Marquardt® 
stated their belief that all clironic dis- 
eases, such as rheiunatic heart disease, 
hypertensive cardiovascular disease, 
diabetes mellitus and so forth, predis- 
pose to increased fragility. They found 
the highest degree of increased capil- 
lary fragility, as seen by capillary rup- 
tures in the nail beds, in patients whose 
systolic blood pressure e.xceeded 200 
mm. of mercury. Other conditions, as- 
sociated with increased capillary fra- 
gility reported in tire literature, are 
pulmonary hemorrhage, heart block, 
nuclear lesions of the eighth ner\e,^® 
irradiated tissues,^® frostbite,^® and to.xic 


reactions due to sulfadiazine, gold salts 
and aspirin.^® 

That there is a high incidence of in- 
creased skin capillary fragility in hyper- 
tensive cardiovascular disease is well 
shown by the work of Griffitlr.^'^ He 
tested 1,600 patients whose blood pres- 
sures were elevated and found that 19% 
had increased fragility of die capillaries 
and an added 11% had increased per- 
meability of the capillaries. He noted 
further that 10% of those with abnor- 
mality of the capillaries had an attack 
of apoplexy within 16 months, whereas 
only 1.9% of those with normal capil- 
laries had such an attack. Furthermore, 
9% of those with damaged capillaries 
had subsequent retinal hemorrhages, 
while these were present in only 2% of 
those with normal capillaries. He found 
that 73% of the patients who had 
retinal hemorrhages had increased cap- 
illary fragility or permeability. Shanno 
and his associates®® found that 75% of a 
series of 79 individuals who had hemor- 
rhages in the retina associated with 
hypertension, diabetes mellitus or both 
had increased capillary fragility or 
permeability. 

Since the publication of the results in 
the first group of patients with in- 
creased capillary fragility and perme- 
ability who were treated with rutin by 
Griffitli, Gouch and Landauer,-^ there 
have been many reports on its effects 
on various conditions. Favorable re- 
sults have been reported in the treat- 
ment of gross hematuria from con- 
genital polycystic kidneys,” of exq^eri- 
mental frostbite,^® of increased capil- 
lary fragility produced in rats by ir- 
radiation,^® and of gastro-intestinal 
bleeding in hereditary hemorrhagic tel- 
angiectasia.®" Madison and Pohle®^ 
stated that in SS% of 173 reported cases 
of purpura of various types the fragilit)' 
decreased under treatment with rutin. 
These authors presented 14 cases of 
purpura in which this t)'pe of treat- 
ment gave questionable to e.xcellent re- 
sults. Stocker,®® after investigation of 
the effect of rutin on the blood-aqueous 
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barrier, concluded that rutin causes only 
slight tightening of the barrier in 
normal rabbits, but when physostigmine 
is instilled into the conjunctival sac of 
a previously rutinized animal the in- 
crease in permeability of the barrier is 
much less than that which ordinarily 
follows instillation of physostigmine. 
McManus and Landrigan^- treated 10 
patients who had increased capillary 
fragility and 5 normal patients with 
from 20 to 40 mg. of rutin 3 times daily 
for 4 weeks with irregular results. They 
concluded, therefore, that rutin was in- 
effective in this group, but showed no 
toxic effects. 

Concerning the treatment of the in- 
creased capillary fragility of patients 
with hypertensive cardiovascular dis- 
ease, there have been several excellent 
papers, particularly diose of the 
Griffith, Shanno, Lindauer group. This 
study is well summarized by Griffith.^® 
Repeated studies for periods up to 48 
months (average 16 months) were 
made on 189 patients with elevated 
blood pressure and with defects of the 
capillary walls. These patients were 
given initially 60 mg. of rutin each day. 
Tests were repeated every 6 weeks 
when results showed abnormal condi- 
tions and every 3 months when results 
were normal. The dosage of rutin was 
increased by 20 mg. per day whenever 
the tests indicated abnormalities. For 
72% of the patients 60 mg. daily was 
sufficient to maintain capillary integ- 
rity; for 87% so mg. or less daily was 
sufficient, but 13% required varying 
amounts up to 400 mg. per day. In 75% 
of the cases results of tests became con- 
stantly normal, but in 23% they were 
intermittently normal. In the latter 
group, all but 6% of the patients were 
irregular in attendance for treatment 
and follow-up. In 16 months of observa- 
tion it was found that apople.xy 
occurred in 1.5% of the patients in the 
treated group who had normal results 
of tests and in 9% of the group who 
had received irregular treatment and 
had had only transient periods of 


normal capillary resistance. The inci- 
dence of retinal hemorrhages in these 
two groups was the same as the inci- 
dence of apoplexy, but the retinal and 
cerebral lesions did not occur neces- 
sarily in the same individuals. Among 
52 persons, having retinal hemor- 
rhages, further hemorrhage occurred in 
44%, 5.7% of this group had normal 
capillaries and 38.3% had an abnormal 
condition of the capillaries under treat- 
ment. It was found that treatment with 
thiocyanate increased the capillary per- 
meability and capillary fragility in 8% 
of those treated. Madison and Pohle®"* 
reported questionable results from rutin 
therapy of 1 hypertensive patient 
with retinal hemorrhages. Goedbloed^” 
described a patient whose petechial 
inde.v returned to normal in 8 weeks 
with concomitant disappearance of ret- 
inal hemorrhages. Zlass*"'® reported 4 
cases of hypertensive cardiovascular 
disease witlr rapid clearing of retinal 
hemorrhages in 3 when increased capil- 
lary fragility was restored to normal. 
He noted with the administration of 
rutin the restoration to normal of capil- 
lary fragility which had been increased 
by thiocyanate therapy. 

Donegan and Thomas,^® treating 
with rutin 81 patients having increased 
capillary fragility, noted that there was 
some decrease in general capillar)' 
fragility in all. Two patients with occlu- 
sion of branches of the central retinal 
vein obtained no improvement with 
rutin therapy, while in a third patient 
there was marked improvement coin- 
cident with decrease in capillary fra- 
gility. Treatment with rutin was unsuc- 
cessful in 3 patients with high myopia 
and macular hemorrhages, in 3 patients 
with central choroiditis, and in 2 
patients with disciform degeneration of 
the macula. Three patients with Sales’ 
disease were treated with rutin. One 
of these showed marked improvement, 

1 noted no change, and the third had a 
recurrence of hemorrhage into the vit- 
reous while under treatment. They 
noted improvement in the retinal status 
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in “numerous instances” in their series 
of 20 patients with hypertension and 
various retinal complications. These 
authors also found complete disappear- 
ance of macular edema in 2 patients 
treated with rutin. 

Soloff and Bello^^ conducted a studv 
designed to recheck the results of capil- 
lary fragility tests in cases in which 
blood pressure was elevated and the 
presence of subclinical scurvy had been 
e.xcluded. For this purpose, they admin- 
istered 50 mg. of ascorbic acid, 50 mg. 
of niacinamide, 5 mg. of thiamine chlo- 
ride and 3 mg. of riboflavin 3 times 
daily to each individual for 1 month 
before the tests were made. Twenty- 
five nonhypertensive and 50 hyperten- 
sive patients were studied. Among the 
25 nonhypertensive patients, only 1, a 
diabetic patient, reacted positively to 
the Gothlin and Rumpel-Leede tests. 
Among die 50 patients with elevated 
blood pressure, only 2 gave positive re- 
actions to the Gothlin test. One of these 
had diabetes. In 33 of these 50 cases 
(66%) results of the Rumpel-Leede 
test were positive. These authors stated 
that; “It is noteworthy that 3 of our 9 
patients widi retinal hemorrhages gave 
a negative Gothlin and Rumpel-Leede 
reaction .... There is obviously no 
correlation between a positive Rumpel- 
Leede reaction and the presence of 
retinal hemorrhages, as over 80% of our 
hypertensive patients with positive 
Rumpel-Leede reactions had no retinal 
hemorrhages.” Sololf and Bello gave 20 
mg. of rutin 3 or 4 times a day for a 
month to 10 of their patients who re- 
acted positively to the Rumpel-Leede 
test. They noted no dilference in the 
number of petechiae at the end of this 
time. 

The source of the bleeding into the 
retina is not too clear in anv of these 
reports on the \ascular diseases. Pre- 
sumpti\ely, the hemorrhages were a 
part of hypertensi\e retinopathy and 
were not secondary to venous occlu- 
sion. A more definite idea as to the 
types of conditions treated is given in 


the report of MacLean and Brambel.''’*’ 
In a series of 21 patients having 
vascular retinopathies, MacLean and 
Brambel have employed simultaneous 
treatment with rutin and dicumarol, on 
the basis that there are two chief 
retinal vascular problems: (1) hemor- 
rhage following capillary weakness and 
(2) vascular occlusion as the result of 
thrombosis, periphlebitis, atherosclero- 
sis or constriction. For the first, rutin 
was used, and for the second, heparin 
or dicumarol, because of their anti- 
coagulant action. There were 6 cases of 
partial occlusion of the central vein, 5 
of degenerative retinopathy, 2 of 
central serous angiospastic retinopathy. 
Treatment with both dicumarol and 
rutin resulted in improvement in all 
cases. Two patients with Eales’ disease 
were treated with rutin only, and 2 
with occlusion of a retinal tributarv 
vein with dicumarol only; all improved. 
The remainder had diabetes. The 
authors postulate that thrombotic ten- 
dencies are inhibited by the anti- 
coagulant with resulting increased vas- 
cular efficiency followed by clearing of 
the involved retina. 

Many reports have been made on the 
successful therapy with vitamin P of 
hemorrhagic disorders accompanied by 
increased capillary fragility. There are 
a few reports only of therapy of retinal 
hemorrhages by the use of vitamin P 
preparations other than rutin. Flanum-- 
noted that under treatment with citrin 
the capillary resistance of 1 patient 
with retinitis proliferans increased but 
there was no change in the evesfrounds. 
Rudy and associates*^ gave hespcridin 
to 6 patients having diabetic retino- 
pathy and increased capillary fragilitx' 
with negative results. similar patient 
was treated by Kirtley and Peck-'* 
with hesperidin methyl chalcone with 
apparently n e g a t i v e results. Paez 
-A.llende'*'’ recommended \itamins C, K 
and P but presented no cases. Fo.\- 
worthy's*- results from use of hespcridin 
in diabetic retinopathv were disap- 
pointing, in tluat hesperidin tended to 



228 


PROGKESS OF MEDICAL SCIENCE 


decrease fragility but it had no effect 
on the retinal lesions. She subjected 85 
nondiabetic patients and 69 diabetic 
patients without retinopathy and 44 
with retinopathy to positive pressure 
tests and found an average time for the 
first appearance of petechiae to range 
from 4.9 minutes in the first group, to 
2.36 minutes in the second group, to 
1.5 minutes in the group with retino- 
pathy. The number of petechiae which 
were present after 10 minutes were 14, 
41 and 101 respectively. Saubermann^* 
noted that with the intravenous use of 
80 mg. of neohesperidin and of doses of 
vitamin C and calcium daily marked 
imjrrovement occurred in vision in eyes 
in which there were old lesions of 
thrombotic type in the central vein, 
periphlebitis retinae, and Coats’ disease, 
but no improvement in the vision when 
more recent lesions of the same type 
were present. 

That diabetic retinopathy is an im- 
portant part of the picture of diabetes 
mellitus, particularly in the cases of 
long duration, is shown by numerous 
studies. Wagener, Dry and Wilder®'* 
found retinopathy in 187 (17.7%) of 
1,052 cases of diabetes, Waite and 
Beetham®® in 18% of 2,002, Hanum— in 
20.2% of 966 and Mollerstrom®^ on 5.1% 
of 2,166. Most authors have shown tliat 
the incidence is correlated more closely 
with the duration of the diabetes than 
it is with the age of the patient. Givner 
and Lodyjensky*® reported on 128 dia- 
betic patients who were less than 19 
years of age; all 3 who had retinal 
changes were known to have had dia- 
betes for 8 or more years. Wagener®® 
noted an increasing incidence of retino- 
pathy in cases of diabetes when his 
three series were compared. Retino- 
pathy was present in 8.3% of the 1921 
series of cases, in 17.7% of the 1934 
series and in 30.6% of the 1945 series 
of 1,021 cases. He found retinopathy in 
10.7% of patients who had had diabetes 
tor less than one year, in 22% of those 
who had had it for from 1 to 10 years, 
in 65% of those who had had diabetes 
for from 11 to 15 years, in 67% of those 


who had had it for more than 15 years 
and in 73% of those who had had the 
disease for 20 years or more. Dolger® 
followed for 25 years or more 200 
patients who had diabetes and were 
less than 50 years of age at time of on- 
set and found that none escaped retinal 
hemorrhages, albuminuria or hyper- 
tension or all three, in varying degree. 

Treatment of diabetic retinopathy 
has been directed along many lines. 
Many authors are of the opinion that 
the fundamental basis for the onset of 
retinopathy lies in the poor control of 
the hyperglycemia. On the other hand, 
MosenthaF® concluded that the retinal 
hemorrhages were on the basis of hypo- 
glycemic reactions and advised high 
enough levels of blood sugar to prevent 
such reactions. Schneider and co- 
workers*® and Schwarz*® stated that 
deficient tissue protein is the cause, and 
they recommended high protein diets. 
Many attempts have been made to re- 
verse the process in the retina by the 
use of the various vitamin P substances. 
Throughout the literature it is remark- 
able that when a series of patients who 
have increased capillary fragility and 
permeability are treated, those patients 
who have diabetes mellitus seem to be 
the most refractory to restoration of the 
capillary status to normal. 

The high incidence of increased 
fragility, as measured on the skin capil- 
laries in cases of diabetes, seems sig- 
nificant, and points toward similar 
pathologic alterations in the retinal 
capillaries. However, the mechanism of 
production of diabetic retinopathy is 
not known. The vascular changes 
appear to affect the venous, rather than 
the arterial, side of the circulation, as 
on opthalmoscopic examination en- 
larged and tortuous retinal venules are 
seen in many cases of diabetes. Perhaps 
the earliest observable change is the 
presence of micro-aneurysms in the 
capillaries of the retina as noted by 
Ballantyne,* who suggested that venous 
stasis was an early and essential factor 
in the development of diabetic retino- 
pathy. It is possible then that capiUaiy 
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fragility and permeability are increased 
and this increase accounts for the smaU 
hemorrhages and exudates so charac- 
teristic of diabetic retinopathy. 

Most author’s have noted a high in- 
cidence of capillary abnormality in 
patients who have diabetic retinopathy. 
Rodriguez and Root^- found that 40% 
of 100 unselected diabetic patients had 
increased fragility, while 100% of 56 
patients who had diabetic retinopathy 
had this derangement. Of the 40 un- 
selected patients, 65% had retinopathy. 
Mallery^® found increased fragility in 
25% of 120 cases of diabetes and retino- 
pathy in 25 (83%) of these. All of 
Hanum’s 12 patients witli retinitis pro- 
liferans had capillary abnormality. 
McFarland^® e.xamined 83 diabetic 
patients with retinopathy and found 
that 92% had increased capillary fra- 
gility. Beaser and associates^ noted in- 
creased fragility in 24% of nondiabetic 
nonhypertensive patients with other 
diseases, in 53% of nondiabetic hyper- 
tensive patients, in 54% of diabetic 
nonhypertensive patients and in 100% 
of diabetic hypertensive patients. 
Wagener*'"’® quoted Fo.xworthy s studies 
on capillary fragility in cases of dia- 
betes in which he later showed that 
the initial appearance of petechiae and 
the number of petechiae were consider- 
ably greater in diabetic patients with 
retinopathy than in those with normal 
retinas. 

The treatment of diabetic retino- 
pathy for the most part is attended by 
discouraging results. Dolger^ stated, 
“Neither vitamin C nor vitamin P, 
rutin nor hesperidin influence I’etinal 
hemorrhages significantly and unequiv- 
ocally. Evaluation of such therapy is 
difficult because of tlie spontaneous re- 
missions and e.xacerbations displayed 
by these lesions.. I have given up hope 
in the use of these substances as the 
results arc not striking!}" different from 
the control group.” Glvner^‘ has made 
similar statements and noted that 
several patients have had retinal hemor- 
rliage.s during the course of rutin 
therapy. Subconjunctival hemorrhages 


also have' been reported.^'^ In a sym- 
posium on the subject of diabetic 
retinopathy. Palmer'® stated, “We have 
used considerable rutin. I cannot be too 
enthusiastic about it,” Joslin-'' stated 
that his group was not so pessimistic 
as Dr. Dolger, but were radier open- 
minded. Dr. White^® said that with 
children who have used rutin the pro- 
gress of the disease in the eyes has 
been less rapid. Wilder''^ stated that he 
and his co-workers have used it in a 
good many cases but the results could 
not be interpreted. Some patients who 
have had untreated retinitis in diabetes 
have improved spontaneously. He 
added further that patients who have 
improved during the administration of 
rutin may have deceived his group. At 
present they have an impression that 
in some of these cases the process has 
been arrested and its progress delayed 
by the use of rutin. Goedbloed reported 
a case of diabetes with retinopathy and 
increased capillary fragility in which 
the skin capillaries slowly returned to 
normal under treatment with 80 mg. of 
rutin daily but in which the retinal 
hemorrhages remained unchanged until 
2 weeks after vitamin C was given in 
conjunction with tlie rutin, and then 
nearly all the retinal hemorrhages 
cleared. Levitt, Gholst and associates-® 
treated 12 patients having diabetic 
retinopathy with 60 mg. of rutin daily 
for 2 months and 120 mg. daily for 
another month. These patients had 
been saturated with ascorbic acid as 
they had received 100 mg. 3 times 
daily for 1 montli prior to therapy with 
rutin. They found it difficult to ascribe 
their results to rutin therap}'. Only 4 
patients shouted improvement in skin 
capillary fragilit}". The reh'nal lesions 
in 5 eyes improved, but 2 of these 
patients showed no impro\ ement in the 
fragilit}’ of the capillaries of the skin, 
and only 2 patients showed simultane- 
ous improvement in retinal lesions and 
in fragilit}". One of their patients had a 
rapid progression of retinopathy to 
retinitis proliferans while under nitin 
therapy. 
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Donegan and Thomas^® studied 45 
patients having diabetes naellitus. 
Twenty-five of these had diabetic 
retinopathy. Despite a reduction in the 
general capillary fragility, there was 
little or no change in the retinopathy 
over a period of 3 to 12 months. 

Rodriguez and Root*- treated 20 
patients with diabetic retinopathy for 
8 months and found no observable 
change in the retinas of 13, absorption 
of hemorrhages in the eyes of 3, addi- 
tional hemorrhages in 2, and arterial 
thrombosis in 2 while under therapy. 
Only 25% of their patients showed a 
return of the petechial index to normal 
or borderline figures. Shanno and asso- 
ciates^® treated 79 patients who had 
retinal hemorrhage (34% had diabetes. 
42% had hypertensb'e cardiovascular 
disease and tire etiology of retinal 
hemorrhage in the remainder was not 
stated) and found that from 50 to 70% 
of patients recovered normal capillary 
integrity under treatment with rutin. 
They stated tlrat these patients usually 
but not invariably failed to have further 
retinal hemorrhages. MacLean and 
BrambeP* in their series of cases in- 
cluded 4 patients with diabetic retino- 
pathy, none of whom had increased 
capillary fragility. However, 2 were 
placed on treatment with dicumarol 
only, while the other 2 received both 
dicumarol and rutin. All 4 patients had 
improved in visual acuity and absorp- 
tion of hemorrhages. 

It is fairly well established by 
numerous investigators that rutin has 
the property of restoring increased 
fragility of the skin capillaries to 
normal values in a large majority of 
patients so afflicted. In many patients 
this restoration is paralleled closely by 
a simultaneous improvement in the 
clinical condition. However, in the 
investigation of the effect of rutin 
therapy on the lesions of diabetic 
retinopathy and of other hemorrhages 
in the retina, additional factors compli- 
cate the picture. It is by no means 
certain that increased fragility and 
permeability of the skin capillaries are 


accompanied by a corresponding dys- 
function of the retinal capillaries. Much 
work that has been done certainly 
points toward that conclusion, but 
drere are many discrepancies. Secondly, 
while some types of hemorrhage in the 
retina may be on the basis of vitamin 
P deficiency, tlrere are many others 
which undoubtedly come from diverse 
other factors. Tliirdly, the evaluation of 
clinical improvement in the retina is 
notoriously difficult, since superficial 
hemorrhages in the nerve-fiber layer of 
the retina may absorb spontaneously in 
a few days to a week, while more 
deeply placed hemorrhages may per- 
sist for a year or more. Moreover, 
hemorrhagic retinal lesions of all types 
are subject to frequent remissions. 

It seems that the retinal complica- 
tions of the diabetic are much more 
refractory to treatment with rutin than 
are some of the other types of hemor- 
rhage in tlie retina. Certainly, the re- 
ports in the literature are much less 
enthusiastic with regard to lesions in 
cases of diabetes than to those in cases 
of hypertension and some of the pur- 
puras. This lack of enthusiasm may be 
due in part to the slow course of dia- 
betic retinopathy in the majority of 
cases, so that little change may be seen 
from month to month, while in most 
other types of retinopathy the hemor- 
rhages are situated superficially so that 
absorption is more rapid. 

Whether rutin therapy is actually of 
benefit in the treatment of hemorrhagic 
lesions in the retina cannot be answered 
dogmatically at this time with the 
material at hand. Certainly, its action 
on reversing increased capillary fragil- 
ity in the skin and retina is not uni- 
versally accepted. Furthermore, the 
relationships between hypertension, 
retinal hemorrhage and apople.xy in 
treated and untreated cases as reported 
by Griffith'® are noteworthy, but they 
have not been confirmed fully by other 
investigators. With regard to the lesions 
in the retina associated with diabetes, 
it might be well to adopt the attitude 
of Rodriguez and Root.*- They stated. 
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‘’Our studies show that capillary re- 
sistance is definitely low in practically 
all persons with diabetic retinitis. We 
suggest the desirability of further trial 
of this substance [rutin]. More impor- 
tant, however, is the possibility that 
through further investigation of the 


pharmacology of rutin, we may ascer- 
tain the indications of its early use, in 
the hope of preventing the capillary 
damage related to the retinal and 
perhaps other degenerative complica- 
tions in subjects with diabetes of long 
duration.” 
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BOOK REVIEWS AND NOTICES 


Gkay's Anatomy of the Human Body. Re- 
vised and Edited by Chajrles Mayo Goss. 
M. D., Prof, of Anatomy, Louisiana State 
University. 25th ed. Pp. 1478; 1263 ills., 
mostly in color. Phila.: Lea & Febiger, 
1948. Price, $14.00. 

The continued prosperity of "Gray” 
through 25 editions e.\ten(ling over 90 
years is surely a record for a medical te.vt- 
book. It spe^s well both for tire intrinsic 
value of the book and for the skill of 
successive editors in keeping it abreast of 
continuing advances. The return to a single 
editor in this edition is accompanied by a 
number of changes in text and illustrations, 
especially in the section on muscles and 
fasciae, where the editor could use the 
results of his own unpublished research. 
The chapter references have been consider- 
ably expanded, so as both to include a 
recent bibliography for each and to 
"introduce the names of as many contem- 
porary anatomists as possible.” (For earlier 
reviews see the November, 1942; the 
March, 1937; and the November, 1930, 
numbers of this Journal.) E. K. 


The Care and Management of Labora- 
tory Animals. Edited by Alastaib N. 
Worden, M.A. (Cantab.), B.Sc. (Lond.), 
Milford Prof, and Director of Research in 
Animal Health, Univ. Col'ege of Wales. Pp. 
368; 70 figs. Balt: Williams & Wilkins, 
1947. Price, $8.50, 

This book opens with a chapter on the 
laws which govern the use of e.xperimental 
animals, with detailed discussions of con- 
struction, equipment and management, and of 
pests and their control in the animal labora- 
tory. Then follow 19 chapters on as many 
types of laboratory animal, each containing 
sections on stock, breeding cages, bedding, 
food requirements, handling, anesthesia and 
euthanasia, and diseases and their control, 
and each ending with a well selected list of 
references. The common types such as guinea 
pigs, rabbits, rats and mice and their wild 
relatives are given adequate space, but in 
addition the wood mouse, deer mouse, cotton 
rat, the voles, hamsters, ferrets, hedgehogs, pi- 
geons, canaries, amphibia and fish are con- 
sidered. An appendix on statistical analysis 
and indices of subjects and authors complete 
tlie book. Although the book has been pre- 
pared chiefly by British experts for use in 
(232) 


Great Britain, it will be highly valuable to 
all who are concerned with laboratory ani- 
mals. H. R. 


Mathematical Analysis of Binocular Vi- 
sion. By Rudolf K. Luneburg, Dartmouth 
Eye Institute. Pp. 104; 82 figs. Princeton, 
N. J.: Princeton University Press, 1948. 
Price, $2.50. 

This book presents a mathematical tlieory 
of visual perception. The author believes that 
the qualities in a particular visual sensation 
can be coordinated to the points of a three- 
dimensional geometrical manifold. The result 
is a geometrical map of visual sensation. An 
example of this is the ordinary Euclidean map 
of binocular vision which can be made by 
tlie intersection of hvo projecdon lines drawn 
from 2 fixed points in space. The base points 
are the centers of rotation of the eyes, and 
the projection lines the optical axes. 

The author states that we cannot be sure 
that this map truly represents the sensed 
qualities of form and localization of objects. 
This would be the case if the apparent dis- 
tance of any 2 sensed points were always pro- 
portional to the geometrical distance of the 
associated points of the Euclidean map. But 
this is not true. The sensed size of astro- 
nomical objects is in no way proportional to 
astronomical dimensions. The problem is, 
dierefore, to find a coordination of sensed 
points of a visual sensation to the points of a 
geometrical manifold such that the apparent 
distance of any 2 sensed points is always pro- 
portional to the geometrical distance of the 
correlated points. Such a coordination is called 
a psychometric coordination. 

This does not answer the question whether 
visual space is a Euclidean or non-Euclidean 
manifold. Environment may be explored by 
making physical measurements, and the space 
so mapped out, called the physical space, 
which must be distinguished carefully from 
the visual space. The visual and physical 
space may be correlated but the relation is 
not necessarily a one-to-one correspondence. 

The author concludes that the geometry of 
visual space is the hyperbolic geometry of 
Lobachevsld. Differential formula establishes 
a relation between the visual and the physical 
space. This supports the general hypothesis 
that for an individual observer the apparent 
size of a lined element is imiquely determined 
by its physical coordinates. Our scale of size 
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seems to contract certain localizations of the 
lined element. Such a contraction can only be 
understood if there is a physiologic basis for 
it, either in the dioptic system of the eyes, 
on the retina, in the transmission to the brain, 
or in the cortex itself. 

Tliis monograph does not attempt to make 
any hypothesis about the question, and is in- 
tended only for tlrose who are thoroughly fa- 
miliar with mathematical analyses. F. A. 


Widening Hoiuzons in Medical Educa- 
tion. Edited by Jean A. CuniiEN, M.D., 
President and Dean, Long Island College 
of Medicine, and Eleanor Cockerill, Pro- 
fessor, School of Social Work, University 
of Pittsburgh. Pp. 228. New York; Com- 
monwealth Fund, 1948. Price, $2.75. 

This is a report of the Joint Committee of 
the Association of American Medical Colleges 
and the American Association of Medical So- 
cial Workers. It suggests that tlie medical stu- 
dent should be made to realize that “Man 
is a biological and social being, and medicine 
is a natural and social science. . . . The stu- 
dent must learn to recognize the social and 
environmental factors in every case. He must 
develop certain attitudes that will help liim 
to establish effective and wholesome relation- 
shi23s with the patient and his family, and 
with liis own colleagues. . . . This study may 
be regarded as an initial probing of a subject 
that has broad implications and many facets. 
It is clear that medical social teaching is un- 
dergoing rapid change and growth.” Numer- 
ous detailed case reports are included in the 
book wliich illustrate the points stressed by 
the authors. They make recommendations for 
improvement in tlie teaching of this field. 

This book will be of special value to all 
teachers in the fields of medicine and social 
work. R. B. 


A Symposium on the Use of Isotopes in 
Biology and Medicine. Pp. 445; 58 ills., 
photographs of speakers. Madison; Univer- 
sity of Wisconsin Press, 1948. Price, $5.00. 
In September of 1947, at a meeting spon- 
sored by the Wisconsin Alumni Research 
Foundation, a group of prominent scientists 
discussed the advances that have been made 
in the application of isotopic methods to re- 
search in biology and medicine. The papers 
presented by 19 of these authorities are pub- 
lished in tliis book; together they comprise 
an inclusive review of tlie subject. 

Eight of die articles are concerned with his- 
torical background and with a discussion of Uie 
preparation, separation, and ass.Ty of isotopes 


and their incorporation into compounds. Of 
particular interest to medical men will be the 
sections on the use of tracers in the study of 
intermediary metabolism and on die possible 
medical applications of these findings. In ad- 
dition, there are several essays dealing with 
precautions to be taken in handling radioac- 
tive materials and with die subject of inter- 
national control of atomic energy. 

The fact that the audiors are distinguished 
leaders in their fields strongly recommends 
this book to those who are interested in a 
general survey of the subject. It is to be re- 
gretted that the panel discussions, one of the 
most stimulating aspects of the Madison 
meedng, were not also published. M. C. 


Reading .tVnd Visual Fatigue. By Leo.nahd 
CARiucHAEL, Pli.D., President, Tufts Col- 
lege, and Walter F. Dearborn, M.D., 
Ph.D., Director, Psycho-educational Clinic, 
Harvard. Pp. 483; 103 figs. Boston; Hough- 
ton Mifflin, 1947. Price, $5.00. 

Tins book is the outcome of a series of 
studies made by the audiors in the labora- 
tories of Tufts College and in die Harvard 
Clinic. The first chapter defines visual fa- 
tigue. Considerable space is given to a general 
resume of die anatomy and physiology of the 
ocular apparatus. Chapter 2 deals widi the 
mechanics of reading as a visual task. Chap- 
ters 4, 5 and 6, review the evidence demon- 
strating the nature of the effect certain envir- 
onmental variables have upon reading be- 
havior. 

A review is dien given of the various means 
of recording eye movements during reading, 
followed by the audiors’ own e.xperinients. 
They were unable to show any fatigue on the 
part of a normal subject reading continuously 
for six hours. Similarly, they conclude diat 
microfilm reading can be carried on for si.\ 
hours widiout unduly fatiguing the normal 
subject. 

The book should be valuable for those in- 
terested in the psychophysiology of reading. 


The Acute Bacterlal Diseases, Theui Di- 
agnosis /VND Treatment. By H.vrry F. 
Dowling, M.D., F.A.C.P., Clinical Prof, of 
Medicine, George Washington Univ. With 
the collaboration of Lewis K. Sweet, M.D., 
and ILvrold L. Hirsch, M.D. Pp. 465; 55 
figs. Phila.: W. B. Saunders, 1948. Price, 
$6.50. 

Tms book will be found valuable bv both 
student and practitioner. In Part 1, tlie first 
of the book’s 4 sections, there are included 
tables of infectious diseases characterized bv 
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Lecturer, Univ. of California. Pp. 604; 117 
ills., 7 in color. St. Louis: C. V. Mosby, 
1948. Price, $10.00. 

This textbook of occupational disease is 
written with broad understanding of the prob- 
lems of industrial hazards. Although compre- 
hensive, the book is not pedantic; the prac- 
tical objectives of diagnosis, protection, and 
treatment are always foremost. The first few 
chapters consist of general remarks concern- 
ing functions of the industrial physician. The 
remainder of the book is devoted to a sys- 
tematic consideration of the various sub- 
stances encountered in industry. In each in- 
stance there is a brief orientation as to the 
chemistry and uses of the material; then 
symptomatology, pathology, diagnosis, and 
treatment of the respective disease are dis- 
cussed. Illustrative case reports and accounts 
of animal experimentation are included. Nu- 
merous photograplis of patliological and clin- 
ical material accompany the text; a useful 
appendix of chemicals in common trade-name 
products is provided. A. R. 


Diseases of the Joints and Rheumatism. 
By Kenneth Stone, D.M. (O.xon.). M.R, 
C.P. Pp. 362; 58 ills. New York; Grune & 
Stratton, 1947. Price, $6.50. 

The author knows the field of rheumatism 
well. This book is one of the most concise 
works on the rheumatic diseases, yet presents 
arthritis and the related diseases in an e.xcel- 
lent descriptive manner. Throughout are good 
detailed descriptions of physical findings and 
the chapter on flow to Examine Joints is par- 
ticularly commendable. It is an excellent book 
for students. The terminology, that of the 
British, at times may he a little confusing. 
Discussion of the treatment of Rheumatoid Ar- 
thritis is somewhat sketchy and incomplete, 
hut is certainty not as confusing as the discus- 
sions in some larger books on this subject. 
The section of the book on Muscular Rheu- 
matism contains much hypothetical material 
which is open to considerable argument, but 
which certainlv is as nood reasoniu" as that 
conceived with most theories on the origin 
of fibrosilis. 

This book should bo on the required list 
for any graduate student studying the di.sca.sc.s 
of the joints. J. 11. 


This book can be accepted as a practical 
handbook on the neuroses for the general 
practitioner. The psychiatrist will want to 
know that the author favors the ideas of 
Stekel. 

Classification of the neuroses occupies 20 
pages and a description of neurotic mecha- 
nisms takes 20 more. Etiology is given 46 
pages in simple terms— “The Revolt Against 
The Home, School, and Church”, with 100 
illustrative cases in single paragraphs. Therapy 
in general is Aetive Analysis with the warn- 
ing that “frank neurotic states are best left 
untouehed by inexperienced hands”. Includ- 
ed are 14 interesting pages on the uses of 
semanties in treatment. 

A glossary for patients is an unusual feature. 


E. B. 


The Spleen and Hypersplenism. By Wil- 
liam Dameshek, M.D., and Solo.mo.v Es- 
tren, M.D. From the Pratt Diagnostic Hos- 
pital and Tufts Medical School, Boston. 
Pp. 50; illustrated. New York: Grune & 
Stratton, 1947. Price, $4.75. 

Dameshek and Estren have again made 
available as once before, in attractiv'e, loose- 
leaf, monograph form, the panels they ex- 
hibited at the last annual meeting of the 
American Medical Association, June, 1947. 
In outline form are presented the demonstrat- 
ed anatomy, histology and physiology of that 
enigmatic organ, the spleen, and the suspected 
hvposplcnic and hypersplenic fimction.al path- 
ology as it occurs in human disease syn- 
dromes. 

An “exaggerated splenic hormonal” inhibi- 
tion of bone marrow maturation and deliveiy 
of cells is hypothesized, with prompt cor- 
rection reported following successful splenec- 
tomy in selected cases. Peripheral blood and 
sternal marrow studies are emphasized in the 
differential diagnosis. The adrenalin test for 
the demonstration of splenic cellular hyper- 
serjuestration and the histopatholo'iic evidence 
of splenic reticulo endothelial cell hvperpha- 
"oevtosis in manv of these syndromes are 

O * - V 

minimized. This brochure is a very clear, 
somewhat dogmatic (because of its fonn and 
purpose), treatise on the indications and con- 
traindications for human splenectomy in both 
primary and secondary hypersplenic states. 

C. D. 


Brief Psychotherai’y. By Dii. Bertr.v.nd S. 
Froum.vn, M.D., with the collaboration of 
Evelyn P. Froilman. Foreword by Wal- 
ter C. .\lv.vrez, .M.D. Pp. 265. Pliila.: Lea 
(S: Febiger, 1918. Price, $4.00. 


Dlvrltes Melltfus in General Practice. 
By .Arthur R. Colwell, M.D., .Assoc. Prof, 
of Medicine, Northwestern Univ. Pp. :>50; 
24 figs. Chicago: The Year Book Publish- 
ers, 1947. Price, $5.25. 
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This monograph contains the conventional 
chapters on diagnosis and treatment of diabe- 
tes and its complications. Dr. Colwell's skill 
as a teacher is revealed in the excellent or- 
ganization of the subject and in his clear 
summary of the modem understanding of 
this disease. In the aspects of diabetes which 
are controversial he avoids extremes and 
maintains the practical clarity which tlie phy- 
sician who is not a specialist in diabetes re- 
quires. He does not mention the use of po- 
tassium and phosphate in the treatment of 
acidosis, though these adjuncts now appear to 
merit wider use. The figures are well selected 
and some of the elementary tables showing 
the responses to treatment deserve careful 
study. The author’s purpose that "tlie book’s 
contents include the best and soundest of 
available insight and methods of treatment, 
presented from a practical standpoint and 
organized in such a manner that the reader 
who lacks experience with diabetes should 
have little difficulty m orientation”, has been 
c.xcellently fulfilled. F. L. 


Hallmarks of Mankind. Bv Frederic Wood 
Jones, D.Sc., M.B., B.S.,'F.R.S., F.R.C.S., 
and Sir William Colli.ns, Prof, of Human 
and Comparative Anatomy, Roy. Coll, of 
Surgeons. Pp. 86; 23 illus. Balt.: Williams 
and Wilkins, 1948. Price, $2.50. 

This delightful little book contains the 
subject matter of a Linacre Lecture and an 
Arris and Gale Lecture delivered in 1947. 
Its main thesis is that Man, considered solely 
from the point of view of structure, is an 
extremely primitive type and, though more 
primitive in basal structure than the living 
monkeys and apes, Man has his own remark- 
able structural specifications that distinguish 
him from all other Mammals and appear to 
be his very ancient hallmarks. The authors 
postulate that the emergence of the human 
type from a verj’ primitive Primate form took 
place sulBcientlv far back to account for the 
profound differentiation that has occurred. 
They believe that if the Primate forms imme- 
diately ancestral to the human stock are ever 
to be revealed, they xvill be utterly unlike the 
slouching, hairy, “ape men” of which some 
have dreamed and xvill be found in geologic 
strata antedating the heyday of the great apes. 

The book should be of special interest to 
those who assume that the use of monkeys 
of any sort for experimental work may be 
justified on the basis of a close relationship 
to Man. W. F. 


The Thyroid and Its Diseases. By J. H. 
Means, M.D., Jackson Professor of Clinical 
Medicine, Harvard University. 2d ed. Pp. 
571; 63 illus. Philadelphia; J. B. Lippin- 
cott, 1948. Price, $12.00. 

The advent of the 2d edition of this no- 
table book should receive a warm welcome 
from all wHo have enjoyed the 1st, which 
appeared in 1937. This volume clearly re- 
flects the tremendous advances in our knowl- 
edge of the normal and abnormal physiology 
of the thyroid and the treatment of its dis- 
eases during the intervening 11 years, to the 
development of which the author and his 
associates have been important contributors. 
There are 21 chapters dealing with the em- 
bryology, anatomy, physiology, endocrine re- 
lationships, pathology and clinical disorders 
of the thyroid. The chapter on Surgery of the 
Thyroid was prepared by Dr. Oliver Cope; 
those on the Pathology and Tumors of the 
Thyroid were written by Dr. Rulon W. 
Rawson. 

The style is informal, sometimes almost 
conversational, and makes for easy reading. 
Throughout, the book is strongly flavored by 
the personality of the author; this is particu- 
larly apparent in the delightful last chapter 
entitled “Fact and Fancy in Matters Thyroid”. 
There can be little doubt that this is the fore- 
most work available in its field today, and it 
deserves a place on the shelf of all who are 
interested in thyroid disease. E. R. 


Clinical Labor.atory Methods and Diag- 
nosis. By R. B. H. Gradwohl, M.D., D. 
Sc., F.R.S.T.M.&H. (London), Director 
of Gradwobl Laboratories,' St. Louis, Mo., 
and Dh. Pedro Kooiu, Director of Tropical 
Medicine, Havana, Cuba. 4th ed. 3 vol- 
umes. Pp. 3291; 1111 ills., 58 in color. St. 
Louis: C. V. Mosbv, 1948. Price, $40.00. 
The new edition of this well known trea- 
tise has been greatly e.xpanded rvith 55% more 
text matter and 51% more illustrations. The 
section on parxsitology and tropical medi- 
cine has been increased from 394 to 820 
pages and now constitutes a separate volume. 
This excellent section describes over 175 par- 
asites, protozoan and metazoan, important in 
human medicine, with 427 illustrations. The 
expanded sections on hematology and on 
blood transfusion are admirable. Bacterio- 
logic applications in clinical diagnosis have 
been extended by 151 pages; 49 pages have 
been added on toxicologic technique; and a 
new chapter on electrocardiography is in- 
cluded. 



BOOK EEVIEWS AND NOTICES 


237 


Autopsy technique is not fully described 
in detail, but since this procedure is per- 
formed by the pathologist himself, this limi- 
tation is perhaps not important. The adap- 
tation of photoelectric colorimetry to chem- 
ical procedures is inadequately presented and 
a number of other accepted improvements 
in chemieal methods receive no mention. 
Quantitative methods are described through- 
out without any reference to the importance 
of evaluating quantitatively the error of 
measurement. 

Such deficiencies, however, are far out- 
balanced by the great mass of well arranged 
and admirably illustrated information cover- 
ing the field of clinical laboratory technology 
and interpretation. 

Indexing, which occupies 175 pages, ap- 
pears adequate. J. A. 


NEW BOOKS 

Technique of Treatment for the Cerebral 
Palsy Child. By Paula F. Egel, Children’.s 
Hospital, Buffalo. Pp. 203; 49 ills. St. 
Louis: C. V. Mosby, 1948. Price, $3.50. 

The Story of The Johns Hopkins. By 
Bertram M. Bernheim, M.D. Pp. 235. 
Illustrated. New York: McGraw-Hill, 1948. 
Price, $3.50. 

The autlior, an early graduate of the 
Hopkins Medical School (1905) and long 
connected with it, has told in colloquial 
stylo “a human interest story with 
historical connotations.” Sympathetic in the 
main, but with occasional barbed criticisms 
the story will be found to include enough 
details to provide a livelv and satisfying 
picture of this great school and its famous 
men. E. K. 

Medical Clinics of North America. Boston 
number. "Specific Methods of Treatment.” 
Pp. 1159-1482. Phila: W. B. Saunders, 
September, 1948. Price, $15.00 a vear. 

Among tlie subjects considered are: 
Penicillin in pulmonary infections, anti- 
spasmodics and spasmodics in gastro- 
intestinal disorders, treatment of various 
types of anemias, management of rheuma- 
toid arthritis, medical management of 
essential Inqjertension, treatment of 
migraine, diagnosis and treatment of polio- 
myelitis, and treahnent of rickettsial 
diseases. Practic.d aspects of management 
and recent dcvelonments are emphasized. 
There is a detailed discussion of the 
problem of infertility, and of the medical 
management of urinarv calculi based ut>on 
the chemical composition of the stone. The 


description of the practical aspects of the 
care of patients with spinal cord injuries 
by Monroe, and of nubition in protract- 
ed disease by Stare and co-workers are 
particularly interesting and useful, as is a 
discussion of brief psychotherapy in 
medical practice, and of repair solutions 
in acidosis and alkalosis. R. J., Jr. 

A-B-C’s of Sulfonamide and Antibiotic Ther- 
apy. By Perrin H. Long, M.D., F.R.C.P., 
Prof, of Preventive Medicine, Johns Hop- 
kins Univ. Pp. 231. Phila.: W. B. Saun- 
ders, 1948. Price, $3.50. 

WmTTEN for the practitioner, this book 
presents the author’s clinical experience 
with sulfonamide, penicillin and strepto- 
mycin. Dosage schedules, phannacology, 
and the toxic manifestations of each drug 
are presented for the chemotherapy of over 
a hundred infections processes. Tliere is 
no bibliography. G. R. 

Neurosurgical Pathology. By I. Mark Schein- 
KER, M.D., Univ. of Cincinnati College of 
Medicine. Pp. 370; 238 ills. Springfield, 
111.: Charles C Thomas, 1948. Price, $8.75. 

Viral and Rickettsial Infections of Man. Edit- 
ed by Thomas M. Rivers, M. D., Direc- 
tor of the Hospital, The Rockefeller In- 
stitute. Pp. 587; 77 ills., 6 in color. Phila.: 
J. B. Lippincott, 1948. Price, $5.00. 

ANA Public Relations Workshop. By Edward 
L. Bernays. Pp. 32; 39 ills. New York: 
American Nurses’ Association, 1948. Price, 
$2.50. 

A MANUAL of practical public relations 
techniques for American nurses. 

Medical Research in France During the War 
(1939-19-15). 30 articles presented by 

Jean Ha-mburger, Professeur agrege a la 
Faculte de Medecine. Pp. 306. Illustrated. 
Paris: Editions Medicales Flammarion, 
1948. No price given. 

“ . . . some results of the scientific 
work accomplished bv French physicians 
and biologists during the German occu- 
pation.” 

Therapy Through Interview. By Stanley G. 
L.vw, M.D.. Minnesota Psxchiatric Insti- 
tute. Pp. 313. New York: McGraw-Hill, 
1948. Price, $4.50. 

After years of general practice, the au- 
thor hax-ing become especially interested 
in our more common ps\ choneuroses, de- 
veloped a unique method of studiing liis 
patients. The “interview techniques” em- 
ploved are chiefly for the general prac- 
titioner, who is told in forthright simple 
language, “how to listen and to talk to 
patients,” through c.ase presentations con- 
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cerning wholly imaginary subjects. Psychi- 
atrists may consider this dialogue method 
an over-simplification; however, professional 
associates are said to view the author's 
work with favor. N. Y. 

Strabismus. A Clinical Handbook. By George 
J. Epstein, M.D., Beth Israel Hospital, 
New York. Pp. 224; 123 ills. Phila.; Blakis- 
ton, 1948. Price, §5.00. 

This is the third book to appear within 
the year on abnormalities of the ocular 
muscles, which attests to the interest in 
this subject. This volume summarizes the 
anatomy and physiology of the e\.tra-ocu- 
lar muscles and the modern conceptions 
of squint. While the major portions of its 
contents are of interest to ophthalmologists, 
the author's lucid style will afford tlie gen- 
eral practitioner a good working knowl- 
edge of tlie modern treatment of squint. 
It can be recommended to all interested 
in the subject. F. A. 

Father Land. By Bertram Schaffneb, M.D. 
Pp. 203. New York: Columbia Univer- 
sity Press, 1948. Price, §3.25. 

The author, a neuropsychiatrist, served 
with the Information Control Screening 
Division of the American Military Gov- 
ernment in Germany, and in this capacity 
performed psychiatric examinations and 
conducted psychologic tests, studies and 
opinion surveys among the German peo- 
ple. Father Land, a result of this experi- 
ence, traces German authoritarianism to 
its origin in the family circle, and sug- 
gests complete re-education beginning at 
the family level as an important step in 
producing a Democratic Germany. R. E. 

1 our Babij. Bv Gladys Denny Shultz, and 
Lee Forrest Hill, M.D. Pp. 278. Illus- 
trated. Garden City, N. Y.: Doubleday, 
1948. Price, 83.50. 

Throughout these pages we have 
tbouaht of the father quite as much as of 
the mother. . . . We should like to empha- 
size that this book is intended only as a 
supplement to regular medical care. Spaces 
are left tiiroughout the book for inserting 
\our own doctor’s advice.” 


NEW EDITIONS 

Medical Writing. By Morris Fishbe n, M.D. 
2d. cd. Pp. 292; 36 ills. Pliila.: Blakiston, 
1948. Price, .$4.00. 

Bailetj s TcUhook of llistoIo»ii. Revised by 
PiHue E. Smith, Ph.D., and Wilfred M. 
CopENiLvvER, Ph.D 12th ed. Pp. 781; 455 


ills., many in color. Balt.: Williams & Wil- 
kins, 1948. Price, $7.00. 

The revisers continue to aim at a text 
“primarily for tlie use of first year students 
in medicine and dentistry”, including 
physiological significances and more 
bridges of the gap between gross and mi- 
croscopic anatomy. 

A Textbook of Histology. By Alexander A. 
Maximow, late Prof, of Anatomy, Univ. of 
Chicago, and WiLLmi Bloom, Prof, of 
Anatomy. 5th ed. Pp. 700; 562 ills., 32 in 
color. Phila.: W. B. Saunders, 1948. Price, 
$8.50. 

A Method of Anatomy. By J. C. Boileau 
Grant, M.C., M.B., Ch.B., F.R.C.S. 

(Edin.) Prof, of Anatomy, Univ, of Toronto. 
4th ed. Pp. 852; 799 ills. Balt.; Williams 
& Wilkins, 1948. Price, $7.00. 

A Method of Anatomy has proved its 
value tiirough 3 previous editions, the first 
one appearing in 1937. This edition has 
been unproved in a number of ways, most 
notably by the addition of 68 new illustra- 
tions. Professor Grant’s book differs from 
the more commonly known textbooks of 
anatomy by treating the subject regionally 
rather than systemically. When used in 
conjunction with his Atlas of Anatomy it 
provides the first year medical student with 
e.xceptionally good instructions for his work 
There are many descriptions throughout 
the book that will be of interest to anyone 
seeking to recall his knowledge of the 
structure of the human body. W. W. 

Clinical Roentgenology of the Digestive Tract. 
By Maurice Feldman, M.D., Asst. Prof, of 
Gastroenterology, Univ. of Maryland. 3d 
ed. Pp. 901; 641 ills. Balt.: Williams & 
Wilkins, 1948. Price, $8.00. 

This book attempts to cover all those 
aspects of gastrointestinal disease that are 
of interest to the roentgenologist. It 
includes, therefore, data on the incidence, 
the etiology and the symptomatology as 
well as the roentgen diagnosis of digestive 
tract lesions. Only their treatment is 
omitted. Consequently, thoueh a larce 
volume, it presents the individual subjects 
merely in outline. At the same time the 
illustrations are excellent and many refer- 
ences are given. The student, whether 
interested primarilv in gastroenterology or 
radiology, will profit bv reading it and 
bv having it available for reference. 

T. M. 

Cancer Manual. Edited hv A. W. Erskine. 
S. F. Singer. D. F. Ward. Cancer 
Committee of the Tow’a State Medical 
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Society. 2d ed. Fp. 160. Iowa City, Iowa: 
Athens Press, 1948. Price, $1.00. 

Tms work is a concise manual, present- 
ing the essential clinical facts about cancer, 
and brought thoroughly up to date. It is 
devoted primarily to symptomatology and 
methods of diagnosis of the more common 
malignant growths. Emphasis throughout is 
on early diagnosis 

The treatment of some subjects is confus- 
ing and at times only one aspect of highly 
controversial points is given mention. The 
section on cancer of the breast suffers from 
both these faults. These criticisms should 
not detract greatly from the value of a 
compendium designed primarily to keep the 
general practitioner alert to the diagnosis 
of cancer. However, it does seem that the 
importance of biopsy might be more 
generally stressed— indeed, it is stated to be 
rarely necessary in cancer of the rectum. 

R. H. 

The Therapy of the Neuroses and Psychoses. 
By Samuel Henby Khaines, M.D., Asst. 
Clinical Prof, in Psychiatry, Univ. of Illi- 
nois, College of Medicine. 3d ed. Pp. 642. 
Phila.: Lea & Febiger, 1948. Price, $6.50. 

The 3d edition, like the preceding edi- 
tions of this book, approaches Psychiatry 
mainly from a psychobiological rather 
than a psychoanalytic viewpoint. It con- 
tains new sections on psychiatric geriatrics, 
pre-frontal lobotomy, group psychotherapy, 
treatment of epilepsy, a revised classifica- 
tion of psychiatric disorders, and statistical 
tables on mental disease. W. P. 

Manual of Urology. By R, M. LECostxE, 
M.D., F.A.C.S., Georgetown University. 
4th ed. Pp. 311; 57 ills. Balt: Williams & 
Wilkins, 1948. Price, $4.00. 

"No attempt has been made to alter the 
original purpose of the book— to present 
brieily and simply the underlying principles 
in urology without complicating discu-ssions. 
case histories and numerous references.” 

Handbook of Orthopaedic Surgery. By Al- 
i'iu:n Rives Smaxos, [h.. M.D., with Ricii- 
ABD Beveblv Raney, M.D. 3d ed. Pp. 574; 
159 ills. St. Louis; C. V. Mosby, 1948. 
Price, .$6.00. 

This new edition continues the high e.x- 
cellence of previous editions. The author 
ha.s carefully revised it, adding new and 
worthwhile developments in orthopaedic 
surgery. The introduction of a few Roent- 
gen ray irhotographs replacing some of 
the manv pen and ink sketches in previ- 
ous editions is thought to add clarity to 
the text and make the book more valu- 
able to the student. The author is to be 


congratulated on bringing this book up to 
date as a teaching manual and a refer- 
ence book for the advanced student. 

P. C. 

Zinssers Te.xtbook of Bacteriology. Revised 
by Davuj T. S.MiTH, M.D., Do.nald S. 
Mabtin, M.D., M.P.H., Norman F. 

CoNANT, Ph.D., Joseph W. Beabp, .\I.D., 
Grant Taylor, M.D., PIenry I. Koun, 
Ph.D., M.D,, and M.tVBY A. Poston, M.A„ 
Duke University School of Medicine. 9th 
ed. Pp. 992; 251 ills. New York: Appleton- 
Century-Crofts, 1948. Price, $10.00 

The basic approach is from the combined 
viewpoint of the clinician, researclier, 
and teacher. The arrangement of the 
chapters remains about as in the 8th 
edition. However, the te.xt has been 
brought up to date as well as a section on 
antibiotics and a chapter on pleuropneu- 
inonia-like organisms added. It contains no 
material on parasitology. H. M. 

Microbiologu and Pathology. Bv Charles F. 
Carter, M.D.. Parkland Hospital School 
of Nursing. Dallas, Texas. 4th ed. Pp. 84.5; 
216 ills.; 25 color plate.?. St. Louis: C. V. 
Mosbv, 1948. Price, $5.00. 

All chapters have been revised, some 
very e.xtensively, and new material added. 
Sulfonamide and antibiotic therapies arc 
discussed. Chapters on Approved Methods 
of Immunization, Hospital Pathologist and 
His Work, and Defects of Body Devel- 
opment have been included. H. M. 

Sterility and Impaired Fertilitu. By Cedric 
Lane-Robeuts. C.V.O.. M.S., Albert 

Sharman, M.D., Ph.D., Ke.nneth Walker, 
M.A., M.B., B. P. Weisner, D.Sc., Ph.D., 
and Mary Barto.n, M.B., B.S. 2d. ed. Pn 
400; 96 ills. New York and London: Paul B. 
Hoeber, 1948. Price, S6..50. 

Fractures and Dislocations. Bv Edutn O. 
Geckeler, M.D. 4th ed. Pp. 371; 344 ills. 
Balt.: Williams & Wilkins, 1948. Price. 
.$5.00. 

Tins compact small text has grown 
larger and more complete in each suc- 
cessive edition. The present volume i,s to 
be highlv recommended, not as an e\- 
haiLstive book on the large subject of 
fractures and dislocations, hut as the out- 
come of a careful personal selection of 
methods of treatment that will assure good 
functional resulLs. Both the student and 
general practitioner interested in bone 
and joint disabilities will find this one 
of the best small books published. 

P. C. 
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Diseases of the Eye. By Sm John Herbert 
Parsons, Consulting Ophthalmic Svirgeon, 
University College Hospital, etc., and Sm 
Stewart Duke-Eldek, Surgeon Oculist to 
the King, Consulting Ophthalmic Surgeon 
to the Army and Royal Air Force, Director 
of Research, The Ophtlialmic Institute, 
University of London, etc. 11th ed. Pp. 
732; 368 figs., 21 plates. New York; 
Macmillan, 1948. Price, $7.00. 

This is an excellently prepared short text 
which now includes all the recent advances 


in ophthalmology. The section on glaucoma 
is particularly good, as it includes the 
modern conception of shallow angle and 
deep angle type which is adopted in very 
few standard te.xts. 

While the book contains far too much 
specialized knowledge for the medical 
student, it should be a useful reference 
book for the general practitioner and will 
certainly be of value to the trained 
opthalmologist, as it represents the 
opinions of two world authorities. F. A. 
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CORRECTION 

In the abstract in the November issue (216, 598, 1948) of Construction of Normal Standards 
for Cardiac Output in Man by J. M. Tanner, the root signs were omitted from the formula, 
which should be: 

SV (ml) = 100 V 2 area I -f area J v^c 
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Lysozyaie, a bacteriolytic and muco- molecular size, having a diameter of 
lytic enzyme, was first described by less than 30 millimicrons. It is soluble 
Fleming in 1922^ when he was study- and heat stable in acid solution, but 
ing the anti-bacterial properties of tears, insoluble and heat labile in alkaline 
Since then the enzyme has been shown solutions. 

to be present not only in human Recent studies on the substrate of 
tears“''^ but also in nasal mucus^^ gas- this enzyme by Karl Meyer and his 
trie juice, the secretions of the large associates®-’' have shown that the en- 
and small intestines®-’*-'’ and human zyme depol)rmerizes certain high mo- 
milk*. All pathologic transudates and lecular weight amino carbohydrates 
e.xudates contain large amounts*®. The which they have isolated from suscept- 
richest source of tliis lytic enzyme is ible organisms (Micrococcus Lyso- 
egg white of hen’s eggs. Further deitkicus or Sarcina Lutea). However, 
studies®-®-** on this substance have the search for the substrate of lyso- 
showm it to be a basic protein or poly- zyme in various organs of the body has 
peptide containing about 16% nitrogen thus far been fruitless, 
and 2 or 3% sulphur. It is of small Lysozyme concentrations can be 

• Pro.sontcd in p.irt at die 19-IS meeting of the American Federation for Clioie.il Reic.irdi, 
.May -fth, 19 IS, and at the New York .\c.idemv of Medicine (Clinic.il Rcicarch .Meeting), 
.Vpril 29lli, 19 IS. 

1 .\ided by grants from the LeMer N. Hofiieimer Foundation. 
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measured by determining the rate of 
clearing of opaque suspensions of the 
susceptible organisms or by determin- 
ing the rate of depolymerization of the 
substrate isolated from the susceptible 
organism by the viscosimetric method 
of Meyer’. 

Meyer has further shown that the 
lysozyme concentrations are very high 
in the gastric juice of patients with 
peptic ulcer and in the stools of pa- 
tients with chronic ulcerative colitis®*'*. 
He has demonstrated that lysozyme will 
digest mucus and postulates that the 
destruction of the protective coating of 
the bowel exposes the xmderlying mu- 
cosa to the action of noxious agents 
of the intestine such as hydrochloric 
acid or the indigenous bacterial flora. 
These postulates he has substantiated 
in part by feeding lysozyme to dogs 
and thus producing acute ulceration of 
the upper gastro-intestinal tract®. 

Because of these findings, it seemed 
profitable to explore variations in ly- 
sozyme concentration in the stools of 
human subjects under a variety of cir- 
cumstances and life situations. 

Method. All tests were done according to 
the viscosimetric method of Meyer. 

The specimens of wet stool were extracted 
with 0.1 normal hydrochloric acid (2 gm. of 
stool per 10 cc. of 0.1 normal HCl) wthin a 
few hours after their passage and stored in an 
ice bo.x at 4“C. Just prior to carrying out 
the assay, appropriate dilutions of the extract 
were made with normal saline so that half 
viscosity would be reached within SO minutes. 

As far as possible, all specimens from the 
same subject were assayed on the same day, 
using the same substrate. 

The substrates used had a relative viscosity 
close to 3.5, and the one sample which was 
standardized by comparison with a sample 
of purified lysozyme obtained from Dr. Karl 
Nieyer was accurate within 2S, the appro.xi- 
mate range of error of the method at this 
level of viscosity. At viscosity readings higher 
than 50, the method is accurate within S-4Z, 

Stool specimens, both random and 24-hour 
samples, were analj'zed. They were obtained 
from subjects with a variety of disease states 
as well as from normal subjects. In the case 
of two subjects, secretions obtained directly 


from the surface of the exposed intestinal 
mucosa were studied. 

In addition, day to day determinations were 
carried out on specimens from a series of 
patients with ulcerative colitis and mucous 
colitis, as well as from a series of normal 
subjects. On each subject, a diary was kept 
which contained data relating to events in the 
life situation, emotions, attitudes and feeling 
states. The day to day observations were then 
correlated with symptomatology referable to 
the colon and also with other bodily com- 
plaints and the general level of well being. 

Finally, the effect of the application of 
lysozyme to the human colon was studied. 

Results. The range of lysozyme con- 
centration observed among all the 
groups of subjects are summarized in 
Table 1. 

Normal Subjects. Healthy individ- 
uals without complaints were regarded 
as normal subjects. Among these in- 
dividuals, lysozyme concentrations 
were uniformly low during times of 
relative calm and security. Figures 
ranged from 0.3 to 1.7 units per gram 
of wet stool. In a subject with acute 
congestive heart failure, the lysozyme 
concentration was likewise quite low 
( 1 . 2 ). 

Two subjects who were studied daily 
were normal except that they were 
prone to develop diarrhea in circum- 
stances of anxiety and apprehension. In 
these subjects, as detailed below, there 
occurred a rise in lysozyme concen- 
tration which was small, but definite, 
and was noted during tbe time of anxi- 
ety and apprehension and the as- 
sociated diarrhea. In a third subject, 
studied daily, there was noted a rise in 
lysozyme during a period of anger and 
resentment, unassociated with any 
change in bowel function. 

Case 1. One of these subjects was a 26 
year old white male who 2 years previously 
had bad a mild episode of ulcerative colitis 
from which he made a complete sympto- 
matic recovery. Roentgen-ray and si^oido- 
scopic examination were unremarkable. Dur- 
ing periods of relative security and rela.xa- 
tion, stool concentrations of lysozyme were 
found to range behveen 0.3 an!l 0 . 8 . During 
a period of anticipation of returning to visit 
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Fjo. 1.— Transitory marked rise in lysozyme concentration in the stool associated with anxiety and conflict 
(Case 1). All assays of the stool specimens were carried out on Uie same substrate on the same day. 
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Fig. 2.- Abrupt rise of lysozsinc concentration associated with loose stools in a nonoal male (Case 2), All 
determinations were iwrforme-d on tlie same substrate. 
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Fig. 3.— Variations of lysoz>'ino concentration in the colonic secretions of a fistulous subject (Case 3) with 
marked incieaso during anger and resentment. All specimens were assayed using the same substrate. 
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Fig. 4.— Case 4. Correlation of lysozyme concentration witli situation, attitude and .symptomatology in a subject 
witli cluonic ulcerative colitis. All determinations performed on the same sample of substrate. 


was spent visitin" lier in-]aws, wliom site 
Iiates and blames for most of her difficulties, 
but toward whom she is unable to express 
verbally or act out her resentment. Bv the 
following day the hsozyme concentration had 
risen to 14 units per gm. Six days later, the 
value fell to 5 units per gm. Tlte patient 
spent March 1st attending a lecture on psy- 
choanalytic interpretations of aggression. She 
knew her husband would object to this, and 
she felt considerable guilt over it. She hur- 
ried home to prepare his dinner, and faced 
him- tliat evening with mixed feelings of 


guilt, hostility, and resentment The following 
day, the Ix’sozj-me concentration rose to 25 
units per gm. There was no exacerbation of 
symptoms on this occasion. 

During the next few days she gradually 
became more calm and concomitantly the 
lysozyme concentration fell to 14. On March 
4th she had an interview witli a member of 
our staff whom she thought was a psychia- 
trist. The interview upset her considerably, 
•ts she felt that he could easily “see tlirough” 
her defenses. She was quite disturbed and 
angry, and she felt humih'ated. She rushed 
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blindly from the office, and was half-way 
home on the train before she could compose 
herself. The following day the lysozyme 
had risen to 66 units. She was having mod- 
erately severe abdominal cramps on this and 
subsequent days, and tlie stools were grossly 
bloody. By the 8th of March the patient had 
somewhat regained her composure, and the 
lysozyme was 28 units. During the period of 
hlarch 10 to 15 the patient’s husband began 
to make plans to provide for a vacation for 
his parents, and the plans were culminated 
by the patient, her husband and in-laws 
spending a week-end looking for a hotel for 
the in-laws. During this period, she was be- 
coming more and more bitter, angry and 
resentful, but kept her feelings to herself. 
The crowning blow was the husband’s an- 
nouncement that he and tlie patient could 
not afford to take a vacation and that fur- 
thermore, he was plaiming to provide a 
practical nurse for the parents. Recalling 
that when she was severely ill and hospital- 
ized with ulcerative colitis the husband had 
never proposed providing her a nurse, she 
became violently angry, resentful, and hostile 
and the lysozyme, which had fallen to 36, 
rose again to 57 units. At this time, she was 
having only one bowel movement every 2 or 
3 days, but these stools were accompanied 
by considerable mucus and blood. The ne.vt 
week-end the patient placed a long overdue 
telephone call to her parents in Montreal 
with mi.ved feelings of guilt and amdety. 
During the conversation, her husband stood 
over her with a stop-watch and sharply re- 
minded her when her time was up. At this 
she again became angry, resentful, and hos- 
tile. She took nq aggressive action, however; 
maintained a cool e.\terior but inwardly 
seethed with anger for the next few davs. 
The Ivsozyme concentration in her stools, 
which had begun to decrease, rose again dur- 
ing the remainder of the week to 40, 44, and 
30 units per gm., and constipation became 
more pronounced. However, the following 
week, after unburdening herself of some of 
these hostile feelinss to her doctor.^she grad- 
ually regained relative serenity and her bowel 
movements became recular and daily, and 
the blood disappeared. By this time lysozxTne 
had fallen to low levels of 9, 6, 8, and 7 
units per gm. 

Case .5. 26-vear old white male auto- 
mobile mechanic had had ulcerative colitis 
for 6 years. Shortly after the onset of symp- 
toms he w.xs treated surgically by cecosfomy, 
and later, -I vears before he was seen at New 
York Hospital, bv ileostomy. Two years after 
the ileostomy a fistula developed through the 
old cccoslomy wound. A loop of ascending 
colon evaginated through this defect and lay 


e.xposed on the surface of tire abdomen. 
Specimervs of mucus secretion from the sur- 
face of this loop were e.xamined daily for 
lysozyme and correlated with the amount of 
secretion, the contractile state of the bowel, 
feeling states, attitudes, general behavior, and 
life situation. During times of relaxation and 
security, lysozyme values were low, ranging 
from 14 to 35 units per gm. On days of hos- 
tility, anger and resentment, lysozyme con- 
centration in the secretions was markedly 
elevated (80 to 100 units per gm. ). At such 
times it was often possible by reassurance, 
and by allowing the patient to express freely 
his feelings, to effect a significant fall in 
lysozyme concentration. There did not appear 
to be a direct relationship between the 
amount of mucus secretion and the concen- 
tration of lysozyme in the mucus. At times 
they were both increased, both decreased or 
one increased and the other decreased. In 
Figure 5, lysozvme values are correlated with 
variations in attitudes and emotional reaction. 

It is apparent that situations associated with 
relative calm and security correspond with 
relatively low lysozyme titers in the neigh- 
borhood of 15 to 25 units per gm, of secre- 
tion. Situations associated with anger, hos- 
tility, guilt, and resentment, on the other 
hand, were associated svith increased lyso- 
zyme production of 80 to 100. One such 
humiliating episode occurred when the pa- 
tient, an extremely fastidious person, was 
allowed to sleep late, then brusquely awak- 
ened and sent to the laboratory without af- 
fording him time to wash, shave, or change 
his dressing. He characteristically took pride 
in having a clean and neat dressing. When 
he arrived at the laboratory, he was anery, 
irritable, and very resentful about being 
placed in such an embarrassing position. His 
lysozyme concentration was accordingly ele- 
vated to SO (March 4th). On another dav 
the patient was to be sigmoidoscoped ( .March 
2), a procedure which he dreaded, be'-ius-' 
of unpleasant past experiences. The prospect 
irritated him and he felt an-xious and appre- 
hensive over it. Associated witli this reaction 
the lysozyme was 67. On another occasion, 
the patient arrived at the laboratory fuming 
with anger. He had just received news th.at 
his sister-in-law was about to move back into 
his house. He objected to this violently, and 
felt that his brother was “putting something 
over on him” while he was in the hospital. 
A specimen obtained at that time contained 
80 units of Ivsozvme (March 13). A few d.rvs 
later, he was visited by his sister-in-law. In 
order to avoid unpleasantness in the ward, 
he was “nice” to her, although he was seeth- 
ing inwardly. On this occasion, the lysozyme 
was 100 (March 15). These high levels con- 
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Fic. 5,— Case 5. Correlation of fcelina states with day to day variations in lysozyme concentration in the 
secretions removed from the surface of the exposed bowel. 
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trast strikingly with the comparatively low 
values of 19, 20, and 36 when the patient was 
relatively content, secure, cheerful, and re- 
laxed. 

Figure 6 shows the variation in the lyso- 
zyme concentrations during the following 
experimental situation, which included an in- 
terview, at first reassuring, and then traumatic: 

On arriving at the l^oratory, the patient 
was irritable, angry, and hostile because three 
doctors had come to his bed, removed his 
dressing, and, after merely examining his 
colon, had walked away without speaking to 
him. He said that he felt like a “freak”, and 
was going to “sign out” of the hospital. Lyso- 
zyme concentration in the secretion following 
this episode was 57 units per gm. 

After about 30 minutes of reassuring dis- 
cussion and ventilation, he felt more relaxed, 
and wthin a few minutes the lysozyme con- 
centration had dropped to 10 units. The dis- 
cussion was abruptly switched to certain 
events in the patient’s life about which he was 
in great conflict. He spoke of them with poorly 
concealed feelings of hostility, resentment, 
and guilt. At the end of the interview, the 
lysozyme concentration had risen to 33. 

In contrast to this ready variability in lyso- 
zyme concentration was the relatively fcxed 
situation on another day. On this day, the 
patient was relatively secure, calm, and 
relaxed. The interviewer was unsuccessful in 
his attempt to elicit any evidence of feelings 
of guilt, hostility, or resentment, even though 
topics usually sensitive were discussed. Rather 
did the patient seem reassured hv the oppor- 
tunity to unburden himself of his conflicts. 
Lysozyme concentration fell from an initial 
level of 25 to a level of 14 at the end of the 
interview. 

A third interview situation is represented 
bv Figure 7. 

The patient arrived at the laboratory quite 
cheerfvd and in good spirits. During the in- 
terview, prcriously concealed topics of sig- 
nificant conflict were uncovered. Discussion 
of them was fraught with embarrassment and 
disco7nfort on the part of the patient as well 
.IS with considerable feeling of resentment 
.m-l hostility. The initial lysozyme value of 
19 g.ue wav to 33 at the end of the interview. 

(3) Lysozyme in Mucous Colitis: 
In 6 patients with mild mucous colitis, 
both those with diarrhea and those 
with constiDation. lysozyme concentra- 
tion was low (0.4 to 1.5). 

In one subiect udth moderately se- 
vere constipation and mucous colitis, 
lysozv’me concentration was in the 


neighborhood of 25 during times of 
anger, hostility, resentment. During 
periods of relative security, lysozyme 
in the stool fell to lower levels. One 
subject with mucous colitis displayed 
fairly marked changes in lysozyme con- 
centration which corresponded to 
changes in symptomatology and hfe 
situation. 

Case 6. A 36 year old negro chorus 
girl, in a setting of realization of her inability 
to compete with younger women, frustration 
at being unprepared to do any other type of 
work, and bitter resentment about her lot in 
life, developed watery' diarrhea with cramps 
and the passage of mucus. A specimen taken 
when she was first seen in the clinic, at which 
time she was complaining chiefly of constipa- 
tion, and had developed a fissure-in-ano, 
showed a relatively high lysozyme titer of 27 
units per gm. At a later date, following sev- 
eral interviews in which she was encouraged 
to express freely her feelings and was given 
strong reassurance and moral support, the 
lysozyme fell to 14 units. 

Later, she was hos"ita!ized on the gyne- 
cological service becatise of irregular menses. 
After 3 days in the hospital being prepared 
for operation her menses began, so she was 
discharged without operation. She resented 
the loss of 4 days of work and felt that 
nothing had been accomplished. She did not 
express her hostile feelings, but concomitantly 
stool specimens contained lysozyme in a con- 
centration of 2.5 units per gm. 

At a later period, during a Hme of consid- 
erabh' more neace of mind consequent upon 
obtaining a new job and being paid by the 
union for her lost time, the lysozyme concen- 
Ir.ition fe'l to 8:5 units per gm. (See Fig. 8). 

(4) Lysozyme in Carcinoma of the 
Colon: The possibility that ulceration 
itself might provoke an elaboration of 
lysozyme was further tested by analyz- 
ing the stools of a subject with an 
ulcerated carcinoma of the colon. Ly- 
sozyme concentration was, however, 
persistently low (3.2). 

(5) Relevance of Lysozyme Con- 
cE.NTH.ynoN TO Tissue Damage: At- 
temots to assess the effects of lysozyme 
applied to the intact colonic mucosa 
were made in the case of the subject 
described above (Case 3), who was 
healthy e.xcept for a colostomy through 
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Fig. 7.— Case 5. Hyperemia, hypeniiotility of the colon and rise in lyso.:ynie concentration associated with 
feelings of hostility, guilt and resentment. Color values were obtained by direct comparison under standard 
lighting to a Tallqvist hemoglobin scale standardized by the method of Munsell. The figures representing 
contractile state were obtained from direct measurement of the length and width of the e.xposcd loop of bowel. 
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which had herniated a large segment 
ot sigmoid colon. 

Human tears containing lysozyme in 
a concentration of 600 units per cc. 
were applied to the surface of the 
bowel on small cotton pledgets and 
allowed to remain in place for 24 hours. 
At the end of this time, in 3 of 4 such 
experiments, a small, sharply circum- 
scribed area of inflammation and edema 
was noted at the point of application. 
Control applications of normal saline, 
boiled tears and dry cotton failed each 
time to produce any lesion. 

Comment: The fact that unboiled 
tears are capable of bringing about in- 
jury to the mucous membrane of the 
normal human colon, while boiled tears ' 
and saline fail to do so, suggests that 
the lysozyme may be responsible for 
damaging the colonic mucosa, or, by 
removing the protective mucus coating, 
for e.xposmg the mucosa to injury from 
trauma or infection. This finding in 
humans is in keeping with the data of 
Meyer in which intestinal ulcers were 
produced in animals by feeding lyso- 
zyme. An analogous situation had been 
produced in cats by Rappaport and 
Nauss,i® who found that the colon, 
damaged by chemical agents was much 
more susceptible to the invasion of 
Entamoeba Histolytica. It is possible 
that in humans the mucolytic action of 
lysozyme allows amebae as well as 
other noxious agents freer access to 
the cells lining the wall of the bowel. 

That lysozyme is not the result of 
ulceration in the bowel is established 
by finding it in high concentration in 
the stools of patients who have no 
ulcerations in their intestine, as well as 
by finding variations in lysozyme con- 
centration in the secretions removed 
from the surface of the intact mucosa. 
Likewise, low values were found in the 
stools of patients with ulcerating neo- 
plastic disease of the large intestine. 
.Moreover, in the subjects with ulcer- 
ative colitis described above, the rise in 


colonic lysozyme antedated the onset 
of bleeding and other symptoms. 

Summary and Conclusions. The con- 
centration of the mucolytic enzyme, 
lysozyme, has been measured in the 
stools of normal subjects and subjects 
with mucous and ulcerative cohtis 
under a variety of circumstances and 
associated with widely va^ing life 
situations, emotions and attitudes. It 
was found that among normal subjects 
and subjects with diarrhea without ul- 
ceration, transitory elevations of lyso- 
zyme often occur in company with 
general reactions of humiliation with 
anxiety, resentment and guilt. Among 
subjects with ulcerative colitis, on the 
other hand, marked and sustained ele- 
vations of lysozyme were observed in 
such situations. These periods were 
characteristically marked by feelings of 
intense anger and hostility which were 


Table 1.-T«e Range or Concentbatio.n of 
Lysozy.me in Stool Specimens in Vaiuoos Disease 
States aX2> zx Normai. Sobjbcts. 


Normal Subjects 
Acute Congestive Heart Failure 
Cancer of the Large Intestine 
Mucus Colitis, (Mild Cases) 

A) Constipation 

B) Diarrhea 
Ulcerative Colitis 

Remission 

Mild Symptoms 

Mod. Severe Symptoms 
Regional Enteritis, Remission 
Acute (24 hour) Gastroenteritis 


ner am. , 
Wet Stool 
0.3- 1.7 
1.2 
3.2 


0.6 

0.4- 1.5 

0.7- 1.8 
13. - 25. 
40. -100. 
0.4- 0.8 
0.7 


une.xpressed and repressed with vary- 
ing' degrees of completeness, so that 
the subject displayed an exterior of 
relative calm and “sweetness . Such 
elevated values for lysozyme in the 
stool contrasted with relatively nonnal 
values in the same subjects during 
periods of satisfaction and contentment. 
Moreover, the high values were found 
immediately to precede episodes of 
e.xacerbation of symptoms with bleed- 
ing. 
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It is concluded from these data that 
lysozyme concentration in bowel secre- 
tions is highly relevant to the occur- 
rence of ulceration, and that further- 
more, variations in the production of 
lysozyme correspond to variations in 
the state of security of the organism as 
a whole. When the individual was 


meeting threats to his security arising 
out of problems of day to day adjust- 
ment with feelings of humiliation, 
guilt, anger and hostility, but was re- 
pressing tliem to present a serene and 
non-aggressive exterior, an excess of 
colonic lysozyme was likely to be 
elaborated. 
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In 1946, 1283 cases of poliomyelitis 
were admitted to the communicable 
disease division of this hospital; in 
1947, 392 cases. Many respirator cases 
required tracheotomies. Standardiza- 
tion of treatment in such cases seemed 
desirable and the following plan was 
used in the management of cases of 
acute bulbar poliomyelitis requiring 
tracheotomy while in the respirator. 
The discussion merely presents practi- 
cal considerations in the care of these 
patients. 

Indications for Tracheotomy. The 
first question raised in treatment is: 
will tracheotomy benefit the patient? 
The ne.\t question is: when should it be 
performed? In the absence of an o.'d- 
meter to determine when the patient 
actually is hypo.xic, the following crite- 
ria for tracheotomy were estabUshed: 
1. Definite bulbar signs, usually a na- 
sal voice and signs of interference with 
swallowing, the mucus pooling in the 
throat and posterior pharyn.\, endan- 
gering a free air-way. 2. Bulbar or 
spinal types which at first appear to be 
doing well, but which gradually show 
increasing anoxia, either in or out of 
a respirator. Cyanosis per sc is often 
not demonstrable. Useful criteria of hy- 
poxia are increasing pulse rate, head- 
ache and restlessness despite what ap- 
pears to be an adequate respirator)' e.x- 
cliange. 3. .Atelectasis. 4. Paralysis of 
the vocal cords. 

(2o2) 


The advantages of tracheotomy are; 
the easy removal of mucus from the 
respiratory tract; an adequate oxygen 
tension is more /easily maintained; 
emergency life-saving bronchoscopy 
can be performed through the wound 
even with the patient in a respirator; 
pulmonary edema may be treated more 
easily wiA positive pressure; it is un- 
necessary to force the patient’s moutli 
open, sparing the patient an upsetting 
procedure. 

Early performance of tracheotomy is 
stressed. If the operation is performed 
before any emergency sets in, the pa- 
tient may be bronchoscoped, mucus re- 
moved, oxygen supplied through the 
bronchoscopy tube, and a more leis- 
urely tracheotomy performed over the 
tube. 

It often becomes necessary to do a 
tracheotomy on a patient who may 
only breathe within a respirator; in 
such cases, the so-called “stab” trache- 
otomy may be life-saving, but it should 
not be allowed to become necessary'. 
Positive pressure, just as used in an- 
esthetic procedures, may be used to 
cany' the patient on forced breathing, 
during which he may be removed from 
the respirator and the tracheotomy 
carefully performed. It is desirable to 
have as high a tracheotomy as possible. 
Subsequent treatment is simplified in 
that the tracheotomy tube will be well 
out of the respirator when the collar is 
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in place. Pneumothorax and subcuta- 
neous emphysema should be avoided. 
With trained assistants present the pa- 
tient may be replaced in the respirator 
in about 1 minute after the tracheoto- 
my tube is in place. 

Management of Patient in Respi- 
rator. Once the tracheotomized patient 
is in the respirator continuous care by 
nurses trained in the management of 
respirator patients is of the utmost im- 
portance and the following treatment is 
carried out with variations to meet in- 
dividual requirements. All necessary 
equipment essential for handling any 
emergency that arises must be in the 
immediate envkonment of the patient. 
This includes a reserve oxygen tank, a 
dependable suction machine with a 
cord long enough to prevent tension 
from being placed on the electrical out- 
let connections, rubber catheters with a 
few small openings around their tips 
and one particular catheter with an 
open end for removing mucus plugs. 
Catheters should be small enough to 
pass through tracheotomy tubes with- 
out applying undue force. Catheters 
carrying oxygen to the larynx should 
have numerous openings: they become 
plugged very quickly. The oxygen line 
should be supported so that it will not 
kink. A Wangensteen suction apparatus 
should be present: when needed, it is 
always because of emergency. Broncho- 
scopic equipment should be near by 
and a bronchoscopist available. 

During the acute phase, the respira- 
tor is tipped with the head down. The 
angle should be steep enough to in- 
sure drainage of the bronchial tree. 
Shoulders should be well padded. Mu- 
cus is removed by gentle suction 
through the tracheotomy tube to main- 
tain an unobstructed air-wav. Normal 
saline containing 200 units of penicillin 
per ml. is instilled, prior to sucdoning, 
a few drops at a time into the trache- 
otomy tube. 

If the patient becomes cyanotic de- 


spite adequate suctioning, perform 
bronchoscopy. Some patients may re- 
quire bronchoscopy 3 or 4 times in 24 
hours. Penicillin is given routinely, gen- 
erally 30,000 units intramuscularly ev- 
ery 3 hours. O.xygen passed tlirough 
cool water is allowed to flow into the 
tracheotomy tube at the rate of 2 or 
3 liters per minute. O.xygen-helium 
may be used for short periods. A 
Levine tube is passed early to facilitate 
administration of fluids and provide 
means of emptying the stomach if gas- 
tric dilatation occurs, as frequently 
happens. Prompt treatment can be a 
life-saving measure. 

A properly fitted collar is very im- 
portant. The back of the patient s neck 
should be protected by using very soft 
material. To keep the tracheotomy tube 
witliin easy reach of the nurse, use a 
metal shield which forces the sponge 
rubber collar forward into the respira- 
tor, and pack the resulting space 
around the patient’s neck with towel- 
ing. 

Nothing is offered orally while the 
patient is acutely ill. Careful attention 
is paid to the fluid intake. The type of 
fluid given is guided by blood chemi- 
cal determinations. Serum chloride is 
checked frequently among otlier 
things: low values have been noted and 
are due to constant loss from many 
causes. • Whole blood is given when 
needed. As a rule fluids are given intra- 
venously for the first 4 or 5 days; occa- 
sionally the subcutaneous route is used. 
Intravenous amino acid preparations 
may be used to supply protein. Vita- 
mins are given in customary dosage. 

When sedation is required, chloral 
hydrate is usually given by rectum. 
Potassium iodide is used routinely to 
keep secretions less tenacious. 

The speed of the respirator must be 
watched constantly and not be allowed 
to e.xceed IS times a minute. Respira- 
tors tend to run much too fast The 
pressure measured in centimeters of 
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water is kept between negative 16 to 
18 and positive 3 to 5: children are car- 
ried at 12 to 15 negative and about 3 
positive. 

If the patient is unable to synchro- 
nize his breathing with the respirator, 
curare is used to paralyze those respira- 
tory muscles which are receiving occa- 
sional aberrant motor impulses from 
the respiratory center, so that the pa- 
tient will breathe only with the respira- 
tor. Synchronization of the patient and 
respirator is vital in the treatment of 
respirator patients. A dose of 1 to 2 
cc. of intocostrin by the intramuscular 
route is preferred. One or 2 doses usu- 
ally suflBce, but more may be needed. 

Generally when an acutely ill pa- 
tient is placed in a respirator, hot packs 
to the chest or e-xtremities are discon- 
tinued if the patient's fever is high. All 
physiotherapy is withheld the first few 
days. The patient should rest as much 
as possible. At times the nurse must 
keep the respirator continuously closed, 
using the arm ports to care for the pa- 
tient’s bodily needs. 

Every encouragement possible is giv- 
en the patient. Immediate members of 
the family are constantly warned 
against doing or saying anything which 
might conceivably upset the patient. 
Morale is an important factor in re- 
covery. 

A sincere attempt is made to segre- 
gate the new acutely ill patient from 
other cases which have the first few 
days of their illness behind them. One 
must guard against any possible sec- 
ondary' respiratory infection. Personnel 
as well as patients are constantly 
checked. 

As the patient’s condition improves 
hot packs and physiotherapy are 
started. Roentgenograms of the chest 
are taken when indicated. Wdiite blood 
counts and hemoglobin determinations 
are done at least 3 times a week. Fre- 
fjuent urine examinations are made. 
Urinary tract infections are usually 


treated with sulfadiazine and sulfa- 
merazine in equal parts, when a reten- 
tion catheter is considered necessary, 
it should be employed promptly. En- 
emas, and occasionally prostigmine are 
used to overcome distention. Blood 
pressure and pulse are watched con- 
standy. 

As improvement continues, a high- 
caloric, high-protein diet is started. As 
a rule it is fed through a Levine tube. 
Amounts are increased gradually de- 
pending on the patient’s tolerance. In 
8 to 10 days the patient usually re- 
ceives nearly all fluids orally. Acute 
cases showing rather severe paralysis 
of the chest and extremities at onset, 
frequently improve remarkably within 
a few days. This may be due to subsi- 
dence of edema in the spinal cord. One 
should make every effort to get such 
patients out of the respirator at the ear- 
liest possible moment. Other patients 
are placed on a definite removal sched- 
ule according to the improvement of 
their condidom it may be only a min- 
ute or two out of every hour but one 
should attempt to lengthen the time a 
little each day. It is of the utmost im- 
portance for the physician to gain the 
patient’s confidence. 

Everyone working with the patient 
should be fully aware of all problems 
connected with his case. Experience 
has shown that when an emergency oc- 
curs in any certain patient, this same 
emergency may be repeated many 
times. Everyone should know how to 
handle the problem. AH personnel 
should be cautioned to form the habit 
of constantly checking the pressure 
gauge on the respirator; it takes only a 
fraction of a second and may be life- 
saving. 

As the patient improves, o.xygen ad- 
ministration is decreased gradually and 
finally discontinued. Following this, if 
the patient’s condition remains satisfac- 
tory over a period of 24 to 48 hours, the 
tracheotomy tube may be closed off 
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Recent studies on the effect of sal- 
icylate administration on the acid-base 
equilibrium of the blood have pre- 
sented conflicting results. Fashena and 
Walker® concluded that a metabolic 
acidosis occurred in children receiving 
salicylates. In contrast, Rapoport and 
Guest^’^^ reported a respiratory alkalo- 
sis in children and animals. Reviews of 
previous work may be found in these 
papers. 

As Erganian and co-workers® point- 
ed out, the differences in results and 
interpretations may be flue to differ- 
ences in e.xperimental subjects: “An at- 
tempt is made to compare results on 
anorexic younger children and infants 
with experimental results obtained on 
older children, adults, and even ani- 
mals, whose usual caloric and liquid 
intakes have not been affected prior 
to or during the period of study.” Also, 
differences in doses, time and duration 
of administration of the drug, and 
chemical determinations that were in- 
adequate to permit complete character- 
ization of the acid-base balance con- 
tributed to the conflicting results. Fur- 
thermore, no quantitative estimates of 
respirator)’ changes have been report- 


ed; nor have the possible side-effects 
of nausea, vomiting, anore.xia, starvation 
or renal compensatory factors on the 
acid-base equilibrium been considered. 

Because of the discrepancies men- 
tioned, and because no studies on 
adults are available, it was decided to 
study the time relations of the effects 
of therapeutic doses of aspirin on the 
acid-base balance of the blood in nor- 
mal adults and the possible pathways 
of displacement and recovery. 

Experimental Procedure. Subjects. The 
subjects were 10 healthy adult wales, the 
majority of whom were in their 20’s and 30’s, 
wiUi an average age of 26.3 years. The 
youngest subject was 14 years old and 
weighed 149 lbs. None of the subjects had 
any history of allergy or aspirin sensitivity. 

ExpEruxrE.\TAi. Methods. Resting values 
of all measurements for each subject were 
determined before medication was begrm. 
Each subject was then given 1.3 gm. of 
aspirin by mouth every hour for 8 doses and 
1.6 gm. at the 9th hour, making a total of 12 
gm. This is one of the higher dosages recom- 
mended in the treatment of rheumatic fever.2 

DeterminaUons of the serum salicylate level, 
V,,_ serum pH, total CO._, content of the blood, 
respirator)’ volume in liters per minute and 
respiratory rate per minute were done every 
2 hours for 16 hours! and again at the 28th 
hour. The temperature and blood pressure 


• Tho authnu are inilel.tetl tn C. Ho1it»- 5 Boyd, M.D.. Cliief of Medicine, Baltimore City Hospitalj, for bis 
Co. [Hiat.i n m tn.iVma this study i>o,siIiIe. The technical xssistaiice of Frances S. Ber,:, Arthur Dinan, Mary 
Jar.c HuAii.s. and .Vrthnr Norns i, gratefully acl,iiosvlts3i;td. 

f In preUininary csperuueiits. hlocal samples sscre drasen at 1-houx intervals. Since the changes ss'erc svithin 
ll..* l-iuli of the esiHtuucutal error of the method, the 2-hour schedule was adopted. 
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were determined at the same time intervals. 

The subjects remained in bed during the 
course of the experiment, except for batliroom 
privileges. Water was allowed freely. During 
the experiment subjects were given a low-fat 
diet in order to facilitate the colorimetric de- 
termination of serum salicylate levels. 

Estimates of the acid-base equilibrium were 
made on samples of finger blood. The micro 
technique of Shock and Hastings's was fol- 
lowed for the determination of per cent red 
cells (Vj.), the pH of the serum at 38°C 
(pllcj), and the total COo content of the 
blood [COolb" COo tension of the blood 
(pCOo) in millimeters Hg and the bicarbon- 
ate concentration of the serum [BHCOgjg in 
millimols per liter were calculated from the 
above determinations by use of the Hastings- 
Shock nomogram,® The serum salicylate levels 
were estimated by the method of Keller,^ SLx- 
minute samples of expired air were collected 
in a Tissot spirometer for the estimation of 
respiratory volume; all air volumes were cor- 
rected to 0°C and 760 mm. pressure. Three 
1-minute counts of respiratory rate were made 
during each 6-minute air-collection period. 
These counts were averaged to represent the 
respiratory rate per minute for tliat particular 
time. 
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[BHCOaJs and pCO*> are shown in 
Table 1. 

Clinical Symptom.-vtology. All but 
2 of tlie subjects developed symptoms 
of salicylism; tinnitus, nausea, drowsi- 
ness, headache, and anore.xia. One 
subject vomited once, an hour and one- 
half after the last dose of aspirin; an- 
other vomited twice, immediately after 
the last dose of aspirin and again 6 
hours later. Most of the symptoms 
developed after all the aspirin had 
been given and persisted for about 
8 hours. One subject, however, who at- 
tained a peak blood salicylate level of 
40.2 mg. per 100 cc., continued to com- 
plain of tinnitus for 48 hours after the 
last dose of aspirin. No systematic 
changes were found in body temper- 
ature or in blood pressure levels. 

Serum Salicylate Levels. The ad- 
ministration of 12 gm. of aspirin ac- 
cording to the dosage schedule de- 
scribed above resulted in a rise in the 


Table 1. — Control DETBRiiiNATioNs. 


Subject 

No. 

pHs !it 38°C 

Vo 

per cent 

[COsJb 

mM/L 

pCOs 
mm. Hg. 

IBIICOjJs 

m.M/L 

Hcip. Vol. L/Miii. 
Std. Com]. 

1 

7.38 

44 

22.9 

46.2 

26.8 

6.67 

2 

7.36 

47 

21,3 

45.3 

25.0 

5.35 

3 

7.41 

49 

21.7 

42.3 

26.2 

7.-1S 

4 

7.34 

39 

21.5 

44.0 

24.5 

7.3 

5 

7.42 

42 

20.4 

40.5 

25.2 

6.6 

6 

7.38 

42 

23.2 

45.6 

26.2 

6.2 

7 

7.35 

43 

23.5 

49.8 

26.9 

88 

8 

7.39 

47 

21.9 

43.8 

24.2 

7.4 

9 

7.37 

38 

22.2 

43.6 

25!o 

7.0 

10 

7.36 

47 

20.1 

43.0 

23.5 

7.9 

Mean 

7.39 

43.8 

21.9 

44.4 

25.4 

7.1 


Treatment of Data. Results are presented 
in terms of mean values for the group of 10 
subjects. Displacements of respiratory volume, 
pHg, [BllCOglg and pCO^ were calculated 
for each subject by subtracting the control 
values for tlie individual subject from tlie 
experimental values. Mean values of the 
various displacements were tlien computed 
and curx'es plotted. 

Results. Control V.alues. All values 
are well within previously established 
normal limits.^ ‘ The indhidual and 
mean control values for respiratory 
volume in liters per minute, pHs, 


serum salicylate level (Fig. 1). An 
average peak level of 39 mg. per 100 cc. 
(range 30.1 to 50.3 mg.) was attained 
2 hours after the last dose of aspirin. 
After tlie peak was reached, the level 
dropped at a uniform rate for the ne.xt 
18 hours at which time the average 
serum Ie\’el was 307o of the peak con- 
centration. 

Respir.ltory CiLVNGES. The respira- 
tor)' volume in liters per minute rose 
to an average maximum increment of 
4.0 L./min. 2 to 4 hours after the 
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peak in the blood salicylate level. The 
average recovery 14 hours later was 
only one-half the total displacement 
(Fig. 1). 

No consistent significant changes 
were found in the respiratory rate per 
minute. 

Acid-Base Changes. The changes 
in the acid-base equilibrium of the 
blood were an increase in pHs which 
amounted on the average to 0.06, a de- 
crease in pCOo of 11 mm. Hg. and a 
decrease in [BHC 03 ]s of 2.8 mM/L. 


(Fig. 1). The height of displacement in 
those values occurred 4 hours after the 
last dose of aspirin. Nineteen hours 
after the last dose of aspirin the acid- 
base changes were still displaced from 
the normal values. 

The values of pCOo, [BHCOsJs and 
pHs for each subject were plotted on 
triaxial coordinates.^® This method 
of plotting acid-base changes of the 
blood makes use of 3 a,xes; one for pHs, 
one for serum bicarbonate, and the 
other for CO 2 tension. The units on 



fuiroviin,* oral o( IJ nm. of Arrout let corner indicate doia^o at 

houily uittrvjiU of 1.1 each, cxcipt for tlic lost arrow wJiich represtnU a dose of 1.0 iJirt. 
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Fig. 2.— Average pathway of displ.vcement and recovery of the acid-base balance of the blood during and 
following oral administration of aspirin Each point represents determinatioos at 2-hour intervals; the last 

point is the detemimation at the 28th hour. 




Fig. 3.— Individual pathwaj-s of displacement and recovery of acid-baso balance of the blood. Each point 
reiircscnts v.alucs at 1-hour intervals; the last jxnnt shows values at the 2Sth hour. 
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these scales are arranged in accordance 
with the Henderson-Hasselbalch equa- 
tion so that when any 2 variables are 
known, the third is determined in the 
coordinate system. The broken line in 
Fig. 2 represents the CO 2 absorption 
curve of whole blood when titrated 
witli carbonic acid in vitro. A compai;- 
able titration with COo occurs in the 
body by loss of or accumulation of CO 2 
by the lungs. Changes in the acid-base 
equilibrium of the blood along or par- 
allel to the COo absorption curve are 
due to respiratory effects, either CO 2 
excess or CO 2 deficit. It has been 
shown e.xperimentally^'“ that addition 
(or loss) of fixed acid (or base) pro- 
duces changes in the acid-base equili- 
brium along an axis at right angles to 
the COo absorption curve. 

Average values for all subjects were 
calculated for each 2-hour interval for 
the first 16 hours and again at the 28th 
hour. A plot of these points shows that 
the pathway of displacement was along 
a COj absorption curve for whole 
blood (Fig. 2). 

The individual pathways of 4 of the 
subjects at 4-hour intervals are shown 
in Fig. 3. Of these, “A” (Subject 7) 
and “B” ( Subject 8 ) followed the aver- 
age pathway of all the subjects; "C" 
(Subject 3) showed a constant pH.s 
throughout the course of the e.xperi- 
ment; while “D" (Subject 4) followed 
a pathway of a CO 2 absorption curve 
with no signs of recovery during the 
course of the experiment. 

Discussion. RESPin.xTonx' Cu-x-vccs. It 
has long been known that hvperpnea 
often occurs with salicylism. Guest and 
co-workers,' howexer, reported no con- 
stant hvperpnea in their subjects. This 
was apparently a clinical observation, 
since no data ft)r either rcspiratorx’ 
xoliime or rate were gixen, Tlicir con- 
clusion that salicyl.ites produced pri- 
man.’ hvperpnea was based on the ob- 
sirxatinns of lowered CO^ tension of 


the blood. In animals, Rapoport and 
Guest^^ found the intravenous or in- 
tramuscular administration of methyl 
and sodium salicylates caused a pri- 
mary hyperventilation; similar results 
were reported by Boyle and co- 
workers.® In the present e.xperiments, 
it was found that although an increase 
in respiratory volume (hyperpnea) oc- 
curred in all the subjects, there was no 
systematic increase in respiratory rate 
(tachypnea). 

Acid-Base Changes. The literature 
contains numerous and conflicting re- 
ports concerning the changes induced 
by salicylates on the acid-base balance 
of the blood. The main part of disagree- 
ment has been whether salicylates 
produce a metabolic acidosis or a 
respiratory alkalosis. The confusion has 
arisen partly because only CO 2 content 
has been determined. Since this single 
variable is low in both conditions, it is 
necessary to estimate both the pH of the 
blood as well as the COo content to 
determine whether an alkalosis or an 
acidosis exists. A discussion of the 
limitations of COo combining-powers 
as a criterion of acid-base status is be- 
yond the scope of this paper. 

Following the intravenous and intra- 
muscular administration of salicylates 
in animals®'^* and the oral administra- 
tion in children,' it was found that a 
respiratory alkalosis occurred. Ryder 
and associates'® report the case of a 16- 
vear-old patient with acute rheumatic 
fever who developed a respiratory alka- 
losis after a total of 26 gm. of sodium 
salicylate had been given by mouth in 
a 6-*day period. It is of interest that 
Cobum' reported no untoward effects 
from the intravenous administration of 
10 to 20 gm. of sodium salicylate in 6 
to S hours in the treatment of acute 
rheumatic fever among Navy per- 
sonnel. 

It has been shown that the pathwav 
of decompensation and recovery of 
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the acid-base equilibrium from over- 
breatliing in normal adults follows the 
CO 2 absorption curve of whole bloodd^ 
The average pathway of displacement 
of tire acid-base equilibrium in the 
present experiment also follows the 
CO 2 absorption curve for whole blood 
(Fig. 2). The recovery pathway, how- 
ever, suggests a degree of renal com- 
pensation for the primary respiratory 
alkalosis. Previous experiments have 
shown that with short periods of 
marked hyperventilation (5 to 20 min- 
utes) renal compensation does not oc- 
cur.^® The differences in results might 
be attributed to the duration (24 to 28 
hours) of the hyperventilation in the 
experiment reported here. 

General. From the preceding it is 
apparent that therapeutic doses of as- 
pirin in normal human adults can pro- 
duce a respiratory alkalosis that per- 
sists for at least 20 hours after tlie last 
dose of aspu'in. It is known that hyper- 
thermia per se may lead to hyperventi- 
lation.^® Inasmuch as aspirin is com- 
monly used in a variety of conditions, 
especially those in which fever is pre- 
sent, the total effect of hyperventilation 
from fever and from aspirin might lead 
to a severe respiratory alkalosis. It ha,s 
been a common clinical practice in the 
past to give alkali to patients with 
salicylism. Most of the reports deal 
with children in whom a secondary 
metabolic acidosis, superimposed on an 
undoubtedly primaiy respiratory alka- 
losis, was present at time of admission 
to the hospital. These patients re- 
sponded well to intravenous fluids, 
glucose, and alkali.'-'”’ It has also been 
shown that the administration of so- 
dium bicarbonate to patients receiving 
salicylates is followed by a more rapid 
reduction in the blood salicvlate level 
than occurs otherwise.'” '”' However, 
the injudicious use of alkalis in patients 
in whom the pathway of acid-base im- 
balance is unknown might cause fur- 


ther derangement of the acid-base 
equilibrium in case a respiratory alka- 
losis were present. To prevent this, 
blood studies should include botlr CO 2 
content and pH in order to determine 
the proper therapy. 

Summary. Ten normal adults were 
given hourly doses of 1.3 gm. of aspirin 
orally for a total of 12 gm. Determina- 
tions of respiratory volume, respiratory 
rate, blood pressure, pulse rate, tem- 
perature, [BHCOals, pHs and pCOo 
were made at 2-hour intervals for 16 
hours and again at the 28th hour. De- 
terminations of serum salicylate levels 
were made on the same schedule. 

The administration of aspirin re- 
sulted in a respiratory alkalosis in all 
subjects; the respiratory volume in- 
creased (to an average ma.\imum of 
4.0 L./min), the COo tension of the 
blood diminished ( to an average maxi- 
mum of 10.5 mm, Hg), the pHs in- 
creased (to an average maximum of 
0.06) and the [BHCO;j]s decreased 
(to an average maximum of 3.0 
mM/L.). 

The maximum displacement of the 
acid-base equilibrium occured 2 to 4 
hours after the maximum blood salicy- 
late level (average 39 mg. per 100 cc. ) 
was reached. Twenty hours after the 
last dose of aspirin there was still a 
significant displacement of all the fac- 
tors measured. 

Symptoms of salicylism occurred in 
8 of the 10 subjects. 

No significant changes were obser\-ed 
in respiratory rate, pulse rate, tempera- 
ture or blood pressure. 

Conclusion. In normal adults the ad- 
ministration of therapeutic doses of 
aspirin may result in a primary respira- 
tory alkalosis caused by a hyperpnea 
without an accomnanving tachvpnea. 

The necessit\’ for adequate blood 
studies in treating a patient with sali- 
cylism is discussed. 
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The diagnosis of metastatic carci- 
noma can occasionally be made by 
finding tumor cells in films of the ster- 
nal bone marrow obtained by needle 
aspiration. Rohr and Hegglin^ found 
metastatic tumor cells in the sternal 
marrow in 10 of 74 cases and Stoger- 
in 8 of 110 cases of carcinomatosis. 
However, many bizarre, atypical, and 
distorted cells are frequently seen in 
films of the sternal marrow and these 
may occasionally be mistaken for tumor 
cells. The diagnosis of metastatic car- 
cinoma on tins basis may therefore be 
open to question. A more accurate di- 
agnosis can be made by finding nests 
of cancer cells in histologic sections 
made from sternal marrow particles by 
techniques previously described.^-'^ Tliis 
report describes a study of histologic 
sections of sternal marrow obtained by 
aspiration biopsy from patients with 
malignant tumors. 

Material and Methods. Aspiration biopsy of 
the sternal marrow was performed on 49 pa- 
tients witlr knowm malignant tumors and on 
one patient in whom tlie diagnosis of carci- 
noma was suspected but not proven prior to 
sternal aspiration. Of the 49 patients with 
known malignancy, 29 had clinical evidence 
of widespread metiistases and 20 had no 
known metastases e.\cept for involvement of 
regional hmph nodes. The group included 
patients with carcinoma of tlie breast, lung, 
kidney, prostate, g.istrointestinal tract, naso- 
phar\aL\, cervLv, testicle, bone, and skin 
(Table 1). There were 5 patients in whom 
the prim.uy site was unknown. 

Sternal puncture was performed by tire 


usual technique, the needle being inserted be- 
tween tlie 2d and 3d ribs, and the material 
obtained was prepared by methods previously 
described.* Films were made from the first 
drop of marrow obtained and 1 cc. of marrow 
content was then aspirated. The small mar- 
row particles were separated from tlie blood 
and suspended in plasma. The particles were 
then allowed to collect by sedimentation or 
flotation for 30 minutes in an ice bo.’c at 4° C. 
and the e.vcess plasma removed. One drop of 
0.25 molar calcium chloride was then added 
to clot the suspension of marrow particles and 
plasma. The resultant clot was fixed in 
Zenker’s acetic acid fbcative and prepared 
and sectioned by routine histologic tech- 
nique. Better sections are obtained if the 
particles of marrow are pushed to one side 
with a sharp, pointed probe immediately after 
the calcium chloride has been added, after 
which all the plasma possible is aspirated 
with a capillary pipette. This removes an e.x- 
cess of plasma so tliat the sections contain 
more marrow particles relative to tlie amount 
of plasma present. 

Results. Of the 50 patients, 7 were 
found by this technique to have meta- 
static carcinoma in the sternal bone 
marrow (Table 1). Tumor cells were 
found in the marrow films in 4 of these 
7 patients. There were no instances in 
which tumor cells were observed in 
the fihn when they could not be found 
in histologfic sections. 

O 

Metastatic carcinoma was found in 
tlie marrow of one patient in whom all 
clinical and laboratoiy' findings, in- 
cluding e.xtensive roentgenographic ex- 
aminations, were negative (Fig. 3), 
and in whom sternal marrow aspiration 

( 203 ) 
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was performed because the history and 
course were suggestive of carcinoma. 
The marrow findings comprised the 
only objective evidence of carcinoma 
which could be demonstrated antemor- 
tem. Postmortem e.xamination revealed 
an adenocarcinoma of the kidney, me- 
tastatic to the pleura, liver, and bone 
marrow. 

Two cases of carcinoma metastatic 
to the sternal marrow were found in 


patients who were thought to have only 
regional metastases and were therefore 
subjected to operation. Both of these 
patients subsequently developed roent- 
genographic evidence of Nvidespread 
bony metastases and have since died. 
The diagnoses were confirmed on post- 
mortem e.'camination. 

Metastatic carcinoma was found in 
the sternal marrow in 2 of 10 patients 
with carcinoma of the breast; in 2 of 8 


Table 1.— Summary of Material 


Primary Site of Carcinoma 

Number of Cases 

^letostntic Lesions 

Found in Sternal 

Slarrow 

Brcabt* 

10 

2 

Lung 

s 

2 

Kidney 

4 

2 

Prostrate 

5 

1 

Gaatrointeatinal Tract 

10 

0 

Nasopharynx 

3 

0 

Uterine Cervix 

'2 

0 

Testicle 

1 

0 

Bono (Ewing's EnUotliclioma) 

1 

0 

Skin (Melauosarcoma) 

1 

0 

Primary Site Unknown 

o 

0 

Total 

50 

7 

♦Including one Male 


Table 2.— -Distribution anp Incidence of MuTAsTASEb. 


Type of Case 


Metablotcs in 

Number of Caisea Sternal Marrow 


Not Known to be Metastatic* 

• 

20 


• > 


Known lo bo Metast.atio: 
Moiivitutio lo Uone 


12 


1 


Not Metastatic to Bono 


17 


0 


Undiagnosed Prior to Sternal Biopsy 

1 


1 


Totals 


50 


7 


♦Includes l?egioii.il Lyiiiplinode Involvement 




T-iulk 3.— C’onuEL.vTio.v or DnouEE or 

.\nemi\ with .\ctivity or Maiiiiow 


Ai’tuU\ of M irrt>.k B:l«iimat*d 
froru lli-nloU Kic ?v*Ltioi.’< 



De.;ri e of .\ni' 

im i* 


Number 

Non«’ 

.M<.Klerate 

St-vere 


Normal 

dO 

10 

17 

•} 


iiyisiplastie 

9 

♦ > 

0 

1 


Markedly 

t> 

0 

- 

1 


Tot.tU 

50 

IS 

25 

7 



•Mtnli r.itf AT.ciiii.i* Ued bU/od count d.O million to 1.0 million f>of c. mrn. 

Ucmo^lobiii l>ct*.\t-cu 0.0 and 12.0 Km. pvr UK) ml. 
.“N-vcre a:. Lilli.! lied blood count ihnn o.O milUon j>cr c. mm- 

l!c n.t/Klobin Iczj tiian 0,0 Km, per 100 ml 
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Fig. 1.— Normal marrow {‘loOx). Fig. 2,— Carciiionia of the breast metastatic to the sternal marrow 
(430x). Fig. 3.— Carciiionia of the kidney melastalie to the sternal marrow. Note acini (550 .v). Fic. *1.— 
Carcinoma of the prostate metastatic to sternal marrow (550 x). Fig. o. —C arcinoma of tlie breast metastatic 
to sternal marrow (970 x), Fjg. 6,— Cianiilojnatoiis lesions in sternal bone marrow (550 x). 


patients witli carcinoma of tlie lung; in 
2 of 4 patients with carcinoma of the 
kidney, and in 1 of 5 patients with car- 
cinoma of the prostate (Table 1). Only 
4 of 12 patients with roentgenographic 
evidence of metastases to bone w'ere 
found to have metastatic carcinoma in 
the sternal marrow (Table 2). 


Tumor cells can readily be recog- 
nized in sections of the sternal mar- 
row. Occasionally, how'ever, a circum- 
scribed granulomatous lesion mav be 
mistaken for carcinoma (Fig. 6). The 
tumor cells occur as a s\mc\’tium which 
can be clearly differentiated from 
loosely arranged cells of the normal 
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Fic. 7 A.—Hcnal carcinoma xneta&talic to sUmal manow (550 x). Fic. 7 B.— Metastatic tumor cells ip 
Miarrovv film. Same patient as Fic. 7 A. Wright stain (970 x), Fic. 8 A.— Caremoma of the bronchus 
metastatic to sternal marrow (550 x). Fic. 8 B,— Tumor cells m marrow film. Same patient as m Fie 8 A. 
Wright stain (970 x). 



T\.bi.u 4. — Aneuu 

IN PvTiEsrs 

wtTU Climc\l Evidence of 

MErKSTtSE:4 


Digne of \ntmu 

Nunilnjr 

Noriruil 

VcliMli of Marrovk 

n> poplastic Marke<il 3 II> poi>!a.-lu 


Kono 

10 

8 

■) 

0 


Moderate 

u 

10 

a 

1 


Se\ ere 

3 

o 

I 

o 


TotaU 

20 

20 

0 

3 


TvOLE r>. — A nJMIV is* PtTIhSTS WITH TO TUC BonE 

of Ai» nua lU'-toU^ic Ictivin 

Nutul<^r Nor.e MiMtraU Normal II> jiopla-'lic H> poiiU'^tic 

\-Uay flMilcriccof 

NKi.vta.f » li> Bony ^350 G 3 0 

found in 

H ■ V. :.oa 7 115 ! 2 * 
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marrow. They may replace the marrow 
entirely (Figs. 7A and 8A) or may ap- 
pear as isolated nodules suiTounded by 
relatively normal or hypoplastic mar- 
row (Fig. 2). The tumor cells are usu- 
ally large, with vesiculated nuclei and 
scanty cytoplasm. They tend to be 
basophilic when stained with hema- 
toxylin and eosin, and mitotic figures 
are common. In most cases there is a 
marked tendency toward anaplasia. 
The diagnosis of metastatic carcinoma 
was not made on the basis of scattered 
abnormal cells, although occasionally 
isolated cells of abnormal appearance 
were present and were highly sugges- 
tive of carcinoma. 

Tumor cells in the bone marrow 
films appeared as large, bizarre cells, 
usually in groups or clumps, with ill- 
defined, faint blue cytoplasm, when 
stained with Wright’s stain (Figs. 7B 
and 8B). The cytoplasm was fre- 
quently entkely absent. The nucleus 
usually appeared to be densely hyper- 
chromatic and reticulated. One to 3 
“robin-egg blue” nucleoli were usually 
visible. Basket cells were common. Oc- 
casionally the cells appeared to be in 
the process of division. When such cells 
are present in large numbers, a diagno- 
sis made from the Wright stained film 
is probably reliable. The occurrence of 
large numbers of such cells is uncom- 
mon, however. 

Differential counts of the cells in the 
bone marrow films revealed no charac- 
teristic pattern. Occasionally the granu- 
locy tic/ery throid rate was high, espe- 
cially in hypoplastic marrows. Plasma 
cells were found in a higher percentage 
than usual in a few patients with ad- 
vanced carcinomatosis, but this is not 
a consistent or characteristic finding. 

A marked increase in plasma cells 
was noticeable in the histologic sections 
in 5 cases (3 carcinomas of the lung, 
1 of the breast, and 1 of tlie kidney). 
Metastases were likely in tliese pa- 


tients, from a clinical standpoint, but 
they were not found in the sections. 
Hemosiderin deposits were noticeably 
increased in 2 of these cases. These 2 
patients were severely anemic. The oc- 
currence of hemosiderin deposits sug- 
gests an inability to utilize iron in he- 
matopoiesis, as occurs in certain ane- 
mias associated with infection. Solitary 
lymph follicles were present in 6 cases. 

The occurrence of anemia and its 
correlation with the activity of tlie bone 
marrow as estimated from histologic 
sections was investigated. In the entire 
group of 50 patients, 18 had no anemia, 
25 had moderate anemia (red blood 
count 3 to 4 million per cu. mm., hemo- 
globin 9 to 12 gm. ), and 7 had severe 
anemia (red blood count less than 
3 milhon per cu. mm., hemoglobin less 
than 9 gm. ). A normally active bone 
marrow was present in 35 patients, a 
hypoplastic marrow in 9 patients, and a 
markedly hypoplastic marrow in 6 pa- 
tients (Table 3). 

Of die 29 patients in whom meta- 
stases were evident clinically, 10 had 
no anemia, 14 had a moderate anemia, 
and 5 had a severe anemia. Twenty of 
these patients had a normally acti\e 
bone marrow, 6 a hypoplastic marrow, 
and 3 a markedly hypoplastic marrow 
(Table 4). 

Five of die 7 patients in whom nie- 
tastases were found in the bone mar- 
row had a severe anemia, 1 had a 
moderate anemia, and 1 had no anemia. 
In 4 of the 5 patients with severe ane- 
mia, the bone marrow samples studied 
showed almost complete replacement 
of nonnal elements with tumor, and 1 
had a hypoplastic marrow. The patient 
widiout anemia had a hypoplastic mar- 
row and the patient with moderate ane- 
mia had a nonnal marrow (Table 5). 

In S patients with roentgenographic 
evidence of bony metastases, but in 
whom tumor cells were not found in 
the marrow sections, 5 had a moderate 
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anemia and 3 had no anemia. She of 
these patients had a normal marrow 
and 2 a hypoplastic marrow (Table 5). 

Discussion. The incidence of meta- 
stasis to the sternal marrow which oc- 
curred in this series is probably consid- 
erably higher than the incidence of 
metastasis in all patients with carci- 
noma. Many of the patients were dehb- 
erately selected in whom metastatic le- 
sions were demonstrable, especially to 
bone. If more patients with early car- 
cinoma or with carcinomas that do not 
commonly metastasize to bone had 
been studied, it is likely that the inci- 
dence of metastasis to marrow would 
have been much lower. 

Metastatic lesions were found only 
in patients with carcinoma of the breast, 
lung, kidney, and prostate, all of which 
commonly metastasize to bone. The 
ability to demonstrate metastatic lesions 
in 2 patients who underwent operation 
when otlier evidence of metastases was 
lacking, and the absence of any other 
objective evidence of cancer in another 
patient, suggests usefulness of the 
method. It was occasionally impossible 
to obtain marrow from patients with 
known metastatic lesions to the bone. 
This was especially true of patients 
witli carcinoma of the prostate and was 
attributed to sclerotic or fibrotic 
changes in the marrow, which pre- 
vented aspiration through the needle. 

It is obvious, of course, that a nega- 
tive finding does not preclude the pos- 
sibility’ of a metastatic lesion in the 
marrow. In view of the lack of uni- 
formity of the bone marrow the entire 
tissue block shoidd be sectioned seri- 
ally and representative portions studied 
for metastatic lesions. 

Interpretation of the anemia in these 
I)atients is difficult. The degree and 
tvpe of anemi.i in patients with carci- 


noma may be affected by loss of blood 
and inadequate food intiike, in addition 
to wliich other unknown factors may 
contribute to failure of proper hemato- 
poiesis. Anemia svas present in most, 
but not all, cases when metastatic tu- 
mor was found in the histologic sec- 
tions. Normal blood values and a nor- 
mally active marrow occurred not infre- 
frequently in patients with roentgeno- 
graphic evidence of bony metastases and 
the same was true of patients with me- 
tastases in sites other than bone. In- 
spection of the data reveals that in 
many instances there was no correla- 
tion between the degree of anemia 
present and the activity of the marrow, 
as demonstrated by study of the aspi- 
rated particles. 

Sununary and Conclusions. Of 50 pa- 
tients with malignant tumors, 7 were 
found to have metastatic lesions in the 
sternal bone marrow as demonstrated 
in tissue sections of particles obtained 
by needle biopsy. This does not repre- 
sent a true incidence, however, the 
over-all percentage for all types of car- 
cinoma probably being much lower. 
Sternal marrow metastases were found 
only in the case of those tumors which 
have a tendency to metastasize to bone. 
Metastatic lesions were found in tlie 
marrow in 2 patients after operations 
for carcinoma of the breast and lung, 
respectively. In 1 patient a metastatic 
lesion in the marrow was the only posi- 
tive antemortem evidence of carcino- 
ma. This would indicate that the pro- 
cedure might be of benefit preopera- 
tively in cases of carcinoma which are 
likely to metastasi'/.e to bone, and as a 
diagnostic tool in selected cases. Ane- 
mia was not a consistent finding and 
no correlation could be drawn between 
the occurrence of anemia and the ac- 
tivity of the bone marrow. 
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(From the Department 

A FEW papers on the blood picture ot 
leprosy have already been published. 
No general or definite agreement, how- 
ever, has ever been reached, and dif- 
ferent workers give conflicting results. 

It must be emphasized that we do 
not by any means regard the blood pic- 
tiu'e as being of such paramount im- 
portance that, for instance, it would 
necessarily aid in the diagnosis or prog- 
nosis of the disease. At any rate, tire 
problem is still unsolved. Certain 
changes, however, do occm-, and the 
interpretation of such changes should 
interest the leprologist and the hema- 
tologist alike. What is more, we feel 
that since all our patients are Chinese 
our results may be regarded as an in- 
dependent contribution for comparison 
with tliose obtained from patients of 
other nations. 

It is not proposed to review the lit- 
eratui'e e.xhaustively. Some of the more 
important papers must be mentioned. 
The most complete is apparently that 
of Cerri {1942),- who studied in Italy 
tlie blood and bone-marrow of 35 
lepers. A list of 47 references was 
given. Of tire blood, estimations were 
made of the hemoglobin, tlie number of 
red and white cells and the differential 
white cell counts. Leukopenia of 2,600 
and 4,150 respectively was found in 2 
cases, leukocytosis up to 14,850 was 
found in 5, anemia was a constant 
feature, nearly always hypoclu-omic, 
witli some degree of anisocytosis, and 
rarely poikilocytosis; neutral metamy- 
elocytes were also present but not in 


lai'ge numbers, non-segmented neutro- 
phils were more common, up to 35% 
of the neutrophils. 

Arisumi (1931)^ working in Formosa, 
found tliat the red corpuscles were re- 
duced in number and a fairly high pro- 
portion of basophil-punctate and poly- 
clrromatophil cells were seen, together 
with anisocytosis and poikilocytosis, but 
no nucleated form. The leukocytes 
were always increased in number, es- 
pecially in advanced nodular cases, 
with some decrease in lymphocytes. 
The eosinophils were few, but might 
become increased. The hemoglobin 
was decreased in proportion to the 
activity of the disease, and the hemo- 
globin index was low. 

In 31 cases in Sardinia, Pinetti (1931)* 
found a. slight anemia, a very variable 
Arneth count, often shifted to the right, 
and seldom observed eosinophilia. 

Some attempts have been made to 
associate the blood findings witli the 
progress and prognosis of the disease. 
Thus, Peschkowsky (1934)' observed 
that monocytosis was an unfavourable 
sign as it was associated widi the for- 
mation of fiesh granulomata with pro- 
liferative chronic inflammation. On the 
other hand, lymphocytosis was favour- 
able in most cases, as it coincided with 
a period of convalescence and decrease 
of the inflammatory process. Polymor- 
phonuclear leukocytosis accompanied 
e.xacerbations of the disease with sup- 
purative inflammation and subsequent 
destruction of tlie bacilli in the poly- 
morphonuclear neutrophils. Fonte 


^ * Present address: Care of Dr. Boyd. Dept, of Pathologv, University of Toronto. 

Toronto. Canada. 

t Present address: Liverijool and District Heart Hospital. Liverpool. England. 
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(1941)^ reported that exacerbations of 
the disease, acute or subacute, were 
preceded by leukocytosis, mainly of tlie 
polymorphonuclear elements; regres- 
sions of the lesions by reduction of 
these and increase of large mononu- 
clears; in convalescence, both were re- 
duced with corresponding increase of 
small lymphocytes. 

The reason for considering these 
findings will be appreciated when they 
are compared with our results. 

Present Study. Attached to the West 
Cliina University Hospital, Chengtu, is 
a leprosarium, superintended by Dr. 
W. Crawford, with a normal capacity 
of 45 beds. During tiie period be- 
tween November, 1945, and June, 
1947, the blood picture of 36 lepers was 
examined. 

The work was interrupted for some 
time by the departure of the senior 
author (S.K.). Later, beginning from 
October, 1946, when promin treatment 
was initiated, it was found necessary 
tc check periodically the blood picture 
of those who received treatment, and 
so this woik was further substantiated 
and completed. In the earlier period, 
we personally did several determina- 
tions of the red blood cells, hemoglo- 
bin, white blood cells and differential 
white cells, of each of tlie 19 patients 
then in the leprosarium. .-Vfter the first 
few rounds, we wanted to find out if 
any of the patients had other para- 
sitic infestations. .'\s no parasites were 
encountered in the blood smears, the 
stools of all were examined, and treat- 
ment for ascaris and hookworm, the 2 
princip.il findings, were given where 
indicated. More counts were made 
after treatment and a second examina- 
tion of the stools, which were then all 
negative. The second part was en- 
tirely carried out by the technicians in 
the Hematology Department of the 
Hospit.il, directed by Dr. Y. T. Beh. 
Two complete hemograms of each of 
the 27 p.itienls Were done. Among 


these 27, 10 were in our first batch of 
19, so die total number of patients e.x- 
amined was 36. 

It should be stated diat these pa- 
tients had received various forms of 
treatment for leprosy, chaulmoogra oil, 
moolgrol, diphtheria toxoid, alepol and 
promin. Whether these drugs have 
any effects on the blood pictures or not 
must dierefore be considered. General- 
ly speaking, we think that they have 
none, for two reasons. First, the pharma- 
cological actions of these drugs have 
not been known to cause any actions 
in the peripheral blood elements. The 
case of promin is somewhat different. 
It is stated that the most frequent toxic 
manifestation of promin is a slow de- 
struction of the erythrocytes; also, a 
small number of patients may develop 
leukopenia. Cases 1 to 27 were those 
who received promin. Hemograms 
were done for everyone of them be- 
fore treatment was started, and re- 
peated about 3 months later. From 
the results of die 2 hemograms little 
change, however, was observed in both 
the red and white cells counts. The 
reladve leukopenia of Cases 15 and 20 
(see Table 2) was present at the begin- 
ning and was unaffected by promin. 
Therefore, we think that promin, like 
the other drugs, did not have any 
noticeable effect on our results. Also, 
when the first part of this work was 
being done none of the patients had 
been receiving any specific treatment, 
which was stopped for some time be- 
cause there was a universal lack of 
supply of drugs. A second thought 
would be to associate some of the 
changes with the 2 generally accepted 
Upes of leprosy, the neural and the 
leprom.itous. A complete physical sur- 
vey of the patients was done, and they 
were separated into these 2 divisions. 
We might also say that none of these 
p,itients had any intercurrcnt diseases, 
as each of them had been thoroughly 
checked before admission, and each 
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of them was proved to have leprosy by 
biopsy. While doing the hemograms, 
the Kahn tests of all but 2 of the 27 
patients were found to be positive. It 
should be remembered, however, that 
it has been generally accepted that 
leprosy as well as syphilis gives a posi- 
tive Kahn lest. (Rogers and Muir, 
1946," and Strong, 1943.^") 

Results. Tlie results of our studies 
are given in Tables 1 and 2. For the 
morphological studies of the red cells 
and the differential white counts, 
Wright’s stain was used throughout. 
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and the Wintrobe hematocrit was used 
for all hematocrit determinations of the 
red cells. 

As stated above, for Cases 1 to 27, 
two complete hemograms were done at 
different periods, and for our original 
19 cases, all the counts were repeated 
for not less than 5 times. Two-hundred 
white cells were counted in the dif- 
ferential white counts. All figures 
given in the tables represent the mean 
values. 

The standard figures which we have 
adopted as ‘normal’ are those given by 
Wintrobe (1946).^" Wu and Tsai 
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EFFECT OF HESPERIDIN METHYL CHALCONE (VITAMIN P) 
ON DIABETIC RETINOPATHY 


By Franklin B. Peck, M.D.” 

AND 

Mortimer Mann, M.D.f 

INDIANAPOLIS. INDIANA 

( From tlic! Diabetes Clinic and the Department of Ophthalmology, Indianapolis 

General Hospital) 


Under proper dietary management 
and with the aid of Insulin therapy, 
most diabetic patients can be kept in a 
reasonably normal state of nutrition 
and in satisfactory metabolic balance 
as far as gross glycosuria and freedom 
from frank symptoms of diabetes are 
concerned. Nevertheless, these clinical 
criteria of control of the disease have 
proved inadequate to protect the dia- 
betic against the onset of vascular dis- 
ease if he lives long enough. This fact 
has recently been emphasized by Dol- 
ger^ who showed that in a group of 
200 patients whose diabetes was ob- 
served within a period of 25 years’ du- 
ration, there was evidence of vascular 
disease in every case. He concluded 
that “present day treatment of diabetes 
has failed to avert the accelerated vas- 
cular damage which is an associated 
phenomenon and not a complication”. 
That this finding may not be invariable 
is indicated by 2 cases in the Indianap- 
olis series (D.D. and K.R. ), whose ju- 
venile diabetes has e.vtended well over 
20 years, and who show no demonstra- 
ble retinal, renal, or other vascular 
damage whatsoever. How to prevent or 
retard vascular degeneration is a prob- 
lem and a challenge. 

The most common and in many cases 
the earliest manifestation of vascular 
involvement is the appearance of hem- 
orrhages and exudates in the retina. 
There have been no satisfactorv meth- 
ods of treatment of these retinal le- 


sions, and consequently a therapeutic 
measure which offers any hope is wor- 
thy of consideration. If the progressive 
course of diabetic retinopathy could 
be arrested, similar damage to the vas- 
cular system in other parts of the body 
might likewise be favorably influenced. 

The early investigations by Szent- 
Gyorgyi* on vitamin C led him to be- 
lieve that a substance other than ascor- 
bic acid was responsible for the pe- 
techial hemorrhages which appear in 
deficiency states. He identified the 
substance as a mixture of the flavone 
glucosides of hesperidin and eriodic- 
tyol. There was evidence that the ab- 
sence of this substance increased capil- 
laiy permeability and so it was called 
vitamin P. The vitamin P used in the 
present study was hesperidin methyl 
chalcone (H.M.C.); it is derived 
from tlie rinds of citrus fruits. (Rutin, 
another of the flavone glucosides, also 
has vitamin P activity, differing from 
hesperidin metlryl chalcone in that its 
potency, according to Scarborough,^ is 
about one-half that of pure hesperidin.) 

Vitamin P has been suggested as 
a means of control of the hemorrha- 
gic manifestations of certain disor- 
ders.°'“-^®-^-''‘ The present study was 
undertaken to determine the effect of 
\itamin P on the retinal hemorrhages 
of diabetes. As a part of the investiga- 
tion additional information was sought 
in tlie hope of throwing some light on 
other factors which might be associated 


® -Vs'.oci.ito Diri\.tor* McUic.il Dimmoh, Lilly Hc^c.ircli Ljl>or.ilorics; .Vscocintc m SlcUiciiic. InUi.iii;i L'nLcr- 
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with the appearance of retinal hemor- 
rhages. It is well known that diabetic 
retinopathy tends to be progressive. 
There is a wide variation in the rate at 
which fresh hemorrhages and e.xudates 
appear, and these lesions may undergo 
spontaneous absorption for no appar- 
ent reason. It is difficult, therefore, to 
evaluate fully any therapeutic agent 
unless a large series of cases are fol- 
lowed for a long period. The number 
of patients so followed in our series 
is too small to be of statistical signifi- 
cance, but some information has been 
obtained by a careful study of individ- 
ual cases. 

Twenty-two diabetic patients with 
retinal hemorrhages have been treated 
witli hesperidin methyl clialcone. The 
daily dose was small in the beginning 
but was gradually increased when it 
became apparent from studies of the 
effects of administration of massive 
doses by Kirtley and Peck® that there 
were no side reactions from the drug. 
All but one of the patients ultimately 
received between 100 and 300 mg. of 
the drug daily, and in some instances 
these doses were exceeded consider- 
ably for short intervals. 

Systematic examinations of the fun- 
dus oenli were made tlirougii a dilated 
pupil by the same e.xaminer (M.M.) 


extravasation of plasma from vessels, 
they may also be a manifestation of in- 
creased capillary permeability. On tire 
basis of ophthalmoscopic findings tlie 
retinal lesions were arbitrarily divided 
into 2 groups, early and moderate. 
Those patients with punctate hemor- 
rhages which did not exceed 5 in num- 
ber, with or without small wa.xy 
e.xudates, were classified as having 
early diabetic retinopathy. Where punc- 
tate hemorrhages were more numerous 
and larger deep hemorrhages were 
present, the retinopathy was classified 
as moderate. Many of the patients in 
the latter group showed extensive areas 
of retinal exudation and a few had cot- 
ton wool patches. 

Blood Proteins. Schneider, Lewis, 
and McCullouglP®-^® determined plas- 
ma protein levels in diabetics by elec- 
trophoretic methods and found that the 
albumin level was usually low in un- 
treated or poorly controlled cases. To- 
tal proteins approached normal since 
there was an increase in the globulin. 
Adequate treatment and high protein 
diet restored the albumin to normal 
levels and in some instances this was 
accompanied by an improvement in 
the retinal lesions. Our studies, how- 
ever, do not indicate any signific.ant 
alteration in plasma proteins as deter- 
mined by the modified biuret method 
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Table 1. Individual values were within 
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PRO'niROMBiN Time. Since diabetic 
retinopathy is characterized by the 
presence of hemorrhages, prothrombin 
determinations were made in 33 cases, 
using the method of Quick. A summary 
of the results appears in Table 2. 
Three out of 4 control cases with nor- 
mal fundi had normal prothrombin 
times. An increase in prothrombin time 
was found in 6 of 15 patients with 
early diabetic retinopathy and 11 of 
12 patients with moderate retinopathy. 
This finding is not in agreement with 
that of MacLean and Brambel,” who 
reported a decreased prothrombin time 
in their series of cases treated with 
dicumarol and rutin. There was no 
correlation between increased capillary 
fragility and increased prothrombin 
time (Table 2). Whether there is any 
direct relationship between changes in 
prothrombin time and diabetic reti- 
nopathy awaits further study. 

Capillary Permeability. Capillary 
permeability was measured by positive 
pressure using a blood pressure cuff 
inflated to diastolic pressure and main- 
tained at that level for 3 minutes. The 
number of petechiae appearing in tlie 
anticubital fossa within an area 1 inch 
in diameter were counted. Capillary 
permeability was considered to be in- 
creased if more than 20 petechiae were 
present. Our findings confirm the re- 


after a coughing paroxysm. They pro- 
duced a positive scotoma and the pa- 
tient sought advice as soon as possible. 
Some hemorrhages absorbed while oth- 
ers extended into the vitreous where 
they became organized into bands of 
retinitis proliferans. In tlie right eye 
the retina was detached by the con- 
traction of one of these bands. The 
appearance of hemorrhages and the 
course they took was not influenced by 
taking hesperidin methyl chalcone for 
a period of 32 months. (This patient 
also received massive doses® up to 15 
gm. daily without apparent improve- 
ment, ) 

In 5 patients (Cases 7 to 11) the 
retinal lesions remained stationary. No 
fresh hemorrhages or exudates ap- 
peared, and those that were present 
showed no evidence of absorption. The 
administration of hesperidin methyl 
chalcone may have prevented any new 
lesions from developing; or such cases 
may represent the group of diabetic pa- 
tients whose retinopathy remains un- 
changed for long periods. 

Five patients (Cases 12 to 16) 
showed improvement. Plemorrhages ab- 
sorbed and in Cases 13 and 15 cotton 
wool e.xudates disappeared. In Case 12 
the patient was used as a control after 
the hemorrhages absorbed. Hesperidin 
methvl chalcone was discontinued and 
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ports of others that diabetics with re- 
tinal changes show increased capillarv 
fragility in most cases. 

Results. Findings are tabulated in 
Table 3. Six patients (Cases 1 to 6) 
showed a definite increase in retinal 
hemorrhae;es while undernoinii treat- 
meat with hesperidin methvl chalcone. 
Case 5 was an employee of the hospi- 
tal who was examined at frequent in- 
ter\ a]s. She dex eloped pre-retinal hem- 
orrhages which would often appear 


fresh hemorrhages reappeared in 7 
months. Hesperidin methyl chalcone 
was administered again and the hem- 
orrhages reabsorbed. Unless there was 
an unusual coincidence of events, it 
would seem that the medication played 
some part in the improvement of the 
retinal lesions. The effect wliich hes- 
peridin methvl chalcone had on tlie 
retinopathy of other patients in this 
group cannot be definitely established 
since spontaneous absorption of hem- 
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orrhages is known to occur. 

In 6 patients (Cases 17 to 22) there 
was no correlation between the ad- 
ministration of hesperidin metliyl chal- 
cone and the absorption of hemor- 
rhages. In Cases 17 and 21, where the 
patient was used as his own control, 
improvement could not be duplicated 
when hemorrhages reappeared after 
administration of the drug was discon- 
tinued. Case 20 showed absorption of 
pin-point hemorrhages temporal to the 
disk, but while still receiving treat- 
ment a light shower of punetate hem- 
orrhages appeared around the macula. 

Using the capillary fragility test as 
an index of capillary integrity, 9 pa- 
tients were found to be normal. Of the 
18 having increased capillary fragility, 
9 showed improvement, 2 were un- 
changed, and 2 became worse after 
taking hesperidin methyl chalcone. 
There were 3 patients (Cases 2, 3, and 
5) whose retinopathy increased even 
though there was a marked reduction 
in their capillary fragility. 

Discussion. There is good evidence 
that diabetes does affect capillaries. 
Ballantyne- has demonstrated the pres- 
ence of retinal capillary aneurysms 
which he regards as the earliest sign of 
diabetes in the fundus. The aneurysms 
resemble punctate hemorrhages, but 
can be differentiated from tliem with 
the ophthalmoscope. Friedenwald^ has 
shown that in some cases the aneurysm 
may be incompletely lined by endothe- 
lium and suggests that the initial proc- 
ess may be a break in the capillary 
wall tlrrough which blood escapes 
forming a j^junctate hemorrhage. The 
red cells may then be enveloped by en- 
dothelial cells forming a minute sac- 
cular aneurysm. Hanum® reported that 
diabetics with hemorrhagic retinopathy 
showed increased capillary fragility. 
Other investigators have also been able 
to demonstrate that capillar\^ fragility 
is greater in diabetics with hemorrhagic 
retinal lesions than in diabetics who 
do not show a retinopatliy. 


The process by wliich diabetes dam- 
ages capillaries is still unknown. 
Whether the damage causes increased 
capillary fragility or permeability or 
both also remains undetermined. Ther- 
apeutic use of vitamin P in retinal 
hemorrhages is based on the concept 
that this vitamin is an important factor 
in maintaining normal capillary per- 
meability. McLean^^ reported improve- 
ment in 2 diabetics who received di- 
cumarol and rutin. Shanno, et 
studied a group of patients with dia- 
betic retinopathy who received 60 mg. 
rutin daily. They could not reach defi- 
nite conclusions but suggest that rutin 
might prevent further retinal hemor- 
rhages. 

If the concept that diabetes injures 
capillaries, thereby causing retinal 
hemorrhages, is valid; then any tlierapy 
which improves or restores die integ- 
rity of the capillary wall should pre- 
\'ent further hemorrhages and probably 
aid in the absorption of those already 
present. Since almost 70% of the pa- 
tients with abnormal petechial indices 
were improved, it would seem reason- 
able to attribute die improvement in 
capillary permeability or fragility to 
die administration of hesperidin methyl 
chalcone. However, the improved state 
of the capillaries as indicated by fra- 
gility tests was not reflected by corre- 
sponding improvement in rednal hem- 
orrhages and this is the most impor- 
tant consideration. 

There were 6 padents (Cases 1 to 6) 
who showed a definite increase in the 
number of hemorrhages. In another 
group (Cases 17 to 22) there was no 
definite correlation between therapy 
and the course of the retinopathy. 
Some hemorrhages absorbed while 
fresh ones appeared. These 12 patients 
presented a progressive change in re- 
tinal lesions which was apparently not 
influenced by taking hesperidin methyl 
chalcone. In 5 patients (Cases 7 to 11) 
the retinopadiy remained stationary' 
and in these instances die admiiiistra- 
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tion of hesperidin methyl chalcone may 
have prevented any fresh retinal le- 
sions from appearing. Where there was 
evidence of improvement (Cases 11 to 
17), hesperidin methyl chalcone may 
have played some part in the absorp- 
tion of retinal hemorrhages. It should 
be emphasized again that the retinopa- 
thy of diabetes does show spontaneous 
changes. 

Conclusions. A group of diabetic pa- 
tients was studied to determine the ef- 
fect of vitamin P on diabetic retinopa- 
thy. As part of the study prothrombin 
time and capillary fragility were meas- 
ured. The level of plasma proteins was 
also determined. Although the number 
of patients observed over a sufSciendy 
long period was not large, the follow- 
ing conclusions seem justified. 

1. There was no significant alteration 
in the plasma albumin or globulin of 
23 diabetics. All but 3 had some evi- 
dence of diabetic changes in the retina. 

2. The prothrombin time tended to 
increase in those patients whose known 
duration of the disease averaged 10 
years. As would be expected these pa- 
tients also showed more extensive 
changes in the retina. The relationship. 


if any, between prothrombin time and 
diabetic retinopathy deserves further 
study. 

3. About 50% of the cases of retinop- 
athy in this group displayed mcreased 
capillary permeability, as manifested 
by the petechial index. There did not 
appear to be any correlation between 
capillary permeabihty and prothrombin 
time. 

4. The petechial index improves in 
many cases after the administration of 
vitamin P, suggesting that this vitamin 
has some effect on capillaries. In most 
patients where this was observed there 
was no significant alteration in the ap- 
pearance of retinal hemorrhages. Reti- 
nal hemorrhages are seen in diabetics 
who do not show increased capillary 
fragility. 

5. Vitamin P did not alter the course 
of diabetic retinopathy in a majority of 
these cases. There were 6 whose le- 
sions progressed, 5 who showed im- 
provement, while 5 others have bene- 
fited, since no fresh lesions appeared. 
Any favorable effect attributed to vita- 
min P must take into consideration the 
possibihty of spontaneous changes in 
retinal lesions of diabetes. 
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THE ELECTROCARDIOGRAM IN MYOCARDIAL INFARCTION: 
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Tfie electrocardiogram has been 
recognized as an aid in the diagnosis of 
myocardial infarction for almost 30 
years. During this period tliere have 
been numerous reported instances and 
countless unreported cases in which 
diagnosis was established during life by 
the electrocardiogram and later con- 
firmed at autopsy. There have been 
many other instances— less often re- 
ported — in which an electrocardio- 
graphic diagnosis of myocardial infarc- 
tion was not confirmed at subsequent 
autopsy. There have, however, been 
surprisingly few reports evaluating the 
electrocardiographic diagnosis of myo- 
cardial infarction in a large series of 
consecutive cases. It is the 
purpose of this article to report the 
electrocardiographic findings in a con- 
siderable group of cases of myocardial 
infarction and to evaluate the electro- 
cardiogram in the diagnosis of this dis- 
ease. 

Method: Cases used in this study were 
those that died and were autopsied at this 
hospital during the 3 year period from 
April 1, 1945 to April 1, 1948. These 
cases fall into 2 groups, the first group 
being composed of all patients autopsied 
during the 3 year period on whom tliere 
was a pathological diagnosis of myocar- 
dial infarction. The second group is com- 
posed of those cases on whom a clinical 
diagnosis of myocardial infarction was 
made positively or was considered first 
among multiple diagnoses and on whom 
subsequent pathological study failed to 
confirm the diagnosis. (This study is con- 
cerned with infarctions of the ventricular 


myocardium only. Infarctions of the au- 
ricles were not noted or recorded in review 
of the autopsy data, and in this article the 
term “myocardial infarct” refers to in- 
farcts of the ventricles only.) 

In the vast majority of these cases no 
special sectioning or injection techniques 
were employed. The autopsy diagnosis of 
myocardial infarction was made in most 
instances by observation of the gross 
specimen with subsequent confirmatory 
microscopic study. In a few instances of 
very early infarction only microscopic myo- 
cardial changes were present when a coro- 
nary occlusion was apparent on gross e.\- 
amination. With one e.\ception all of the 
cases of myocardial infarction included in 
this series showed infarcts at least 1 cm. 
in diameter, and the many cases showing 
multiple microscopic infarcts or small 
fibrotic patches were e.xcluded from the 
group judged to show infarcts. Similarly 
c.ases showing only ver>' small infarcts 
seen only on microscopic study were in- 
cluded among the cases that were con- 
sidered not to show infarcts, and it is 
recognized that by routine methods similar 
infarcts may completely escape observa- 
tion. By this means it was hoped to re- 
strict the cases included to those infarcts 
that could reasonably be supposed to be 
diagnosed by ECG study. Unless other- 
wise described all infarcts e.xtended 
through a full thickness of ventricular 
wall. 

The ECG policy employed at this hospi- 
tal during the period covered by this study 
may be briefly summarized. Routine ECGs 
taken on patients hospitalized included 
the 3 “standard” leads (I, II, and III) and 
an additional single chest lead taken with 
the e.xploring electrode at position 4. This 
lead was usually CFl, occasion.illy V4. 


* This study was aided in part by a gr.uit-in-aid from the Life Imurance Medical Research 
Fund to the Cardiac Laboratorjx 
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When additional leads were thought to be 
indicated (either by the cUnicians or by 
the electxocardiographer) these were 
taken either as part of the initial ECG or 
in subsequent tracings. The additional 
leads most frequently taken were multiple 
chest leads with the exploring electrode 
placed in the 6 positions commonly used 
today and the 3 unipolar extremity 
leads.^’^^’^^ Other chest and unipolar leads 
were taken infrequently and irregularly, 
so that in this study they have neither 
been reported nor analyzed. Usually ECGs 
taken as emergencies were read first by 
residents on the wards who were familiar 
with patients’ clinical findings. All EGGs 
were subsequently seen by a junior resi- 
dent assigned to the EGG service and again 
by one or more of four staff men each of 
whom has had several years’ experience 
in clinical cardiology and EGG interpreta- 
tion. Electrocardiographers were as a 
rule not familiar with patients’ clinical 
findings and history. In consequence, 
EGGs were read initially without the 
availability of clinical information but were 
checked later against a brief clinical note 
on the EGG request ship. Since EGGs 
once read were sent to the wards and 
bound with patients’ charts, they were 
usually not examined by the electro- 
cardiographers when serial tracings were 
taken, although a note of previous EGG 
findings frequently accompanied requests 
for subsequent tracings. 

In reviewing cases in this study the 
procedure employed was as follows: After 
pathological reports, charts, and EGGs on 
all patients were assembled, a patient’s 
EGG was first examined by the author and 
tentative diagnosis made. This was then 
checked with the ofBcial hospital EGG 
diagnosis, then with the patient’s clinical 
chart, and finally with tire autopsy report. 
In cases where there was apparent dis- 
parity among any of these reports or \\'hen 
the autlior had previous familiarity with 
any aspect of the case, the material was 
reviewed by one or more of the staff 
electrocardiagraphers. By tin's means it 
was hoped that analysis of the data would 
be made impartially and that initial EGG 
interpretations would be uninfluenced by 
knowledge of clinical or pathological data. 


The system employed by tlie hospital 
in coding charts and the system for fifing 
E'GGs undoubtedly excluded several cases 
that would ideally have been included in 
this study. These cases are in tlie main 
those on which on EGG diagnosis of myo- 
cardial infarction was made several 
months before the patients’ death, and not 
confirmed at autopsy. Since cases were 
collected initially through the pathology 
department rather than from the EGG 
files or the record room, it is probable that 
several cases were excluded because myo- 
cardial infarction was not mentioned in 
the death note diagnosis or found at 
autopsy, although the diagnosis might 
have been made in some earlier EGG 
reading. 

Results: A. Cases loith myocardial 
infarction proved at autopsy. In tliis 
group were 100 cases having an aver- 
age age of 63.3 years. This included 
a range from 15 to 90 years, the young- 
est patient being a colored male with 
infarction resulting from a luetic ostial 
occlusion. These 100 cases included 
67 males and 33 females; 87 patients 
were white and 13 colored. In tlie 
entire group 45 cases were either never 
studied electrocardiographically or had 
ECGs taken at a time which review of 
all data suggested was prior to the 
development of myocardial infarction. 

Among the 100 cases of proved myo- 
cardial infarction, 55 were studied with 
one or more ECGs taken at times when 
they should be e.xpected to record tlie 
changes produced by myocardial in- 
farction. The data from these cases 
are presented in Tables 1, 2, and 3. 
One of these cases (Case 75) was hos- 
pitalized twice with a diagnosis of 
myocardial infarction and so is listed 
twice in the tables. In these tables 
the notation “4 leads” means that 3 
standard leads and a CF or V4 lead 
were taken, “9 leads” means that 6 
precordial leads were taken in addition 
to tlie 3 standard leads, and ‘T2 leads” 
means diat 3 standard leads, 6 pre- 
cordials, and 3 unipolar extremity leads 
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employing the Goldberger technique 
were taken. 

The data in these tables have been 
grouped according to the site of the 
infarct demonstrated at autopsy. Re- 
ferring first to the acute infarcts on the 
anterior surface of the heart (Table 1) 
it may be seen that there were 27 of 
these. Of these 27, 13 (48%) were 
diagnosed electrocardiographically. Re- 
view of the EGG findings and correla- 
tion with pathological data reveals no 
instance in which the EGG changes 
that were attributed to the infarction 
might reasonably be supposed to arise 


from some other cause. Of the total 
group of 27 cases, 9 had no recorded 
history suggesting acute coronary dis- 
ease. None of these 9 cases was studied 
by more than the minimal 4 leads. An 
EGG diagnosis of infarct was made 
in only 1 (11%) of these 9 cases. Re- 
view readings of the ECGs in these 
cases show 2 additional instances (Cases 
10 and 52) in which changes in CF4 
were probably due to the underlying 
infarct. 

Of the 18 anterior infarct cases with 
a history positive for acute coronary 
disease 12 (67%) were diagnosed elec- 


Table 2. Patients with Proved Posterior Myocardiai. Infarcts 
ON Wnosi O.N’E OR More ECGs Were Taken 


Case 

No. 

History 

suggesting 

acute 

coronary 

disease 

No. of 
leads 
taken 

ECG diagnosis 

ECG data 

Kind of 
infarct found 




recent infarcts 


9 

Pos. 

13 

Post, infarct. 

Lead HI of small voltage composed of 
Q or QS 2 mm. deep and .04 sec. wide: 
aVt composed of small R, no Q; ST 
depressed 3 mm. in VB and V4. 

Rcc. large post, 
near septum. 

14 

P03. 

0 

Post, infarct. 

Laree Q3 with inverted T wave. Pre- 
cordial leads not remarkable. 

Rec. post, near 
septum, 3x4 cm. 
in area. 

15 

Neg. 

IS, IS 

Post, infarct. 

Large Q3 with inverted T ^ wave. 
Height of R wave in aVf diminished 
in progressive ECG’s. 

ECG not available. 

Rec. post, 3 cm. 
in diam. 

18 

Vos. 

4 

Post, infarct. 

Ac. post. 3 cm. 
in diam. 

20 

Neg. 

1, 11. 

III. CFs, 
CF<, CF. 

Sinus tachycardia. 

Sinus tacbvc.'irdia. Large Q2 and Q3 
without ST or T wave change. Pre- 
cordiai leads not remarkable. 

Rec. 4x4 cm. 
post. 

S3 

Pos- 

4. 4 

Post, infarct. 

Large Q2 and with ST segments 

great! V elevated. 

Rec. large post. 

63 

Po3. 

4 

Post, infarct. 

Large Q2 and Q3 'vith ST segments 
greatly elevated and T waves invert- 
ing. 

Rec. post, 3 cm. 
in diam. near sepi- 
tum. 

66 

Neg. 

4 

.4nt. infarct. 

No LCli change specibcaily attribu- 
table to infarction in leads 11 or III. 
CF4 showed verv small R, ST elevated 

2 mm., absent T. 

Rec. post. 3x4 
cm. 

75* 

Pos. 

4 

Post, infarct. 

Q2 and ii^resent with ST elevated 2 
mm. and T wave inverting. Changes 
of previous anterior infarct seen in 
CF4. 

Rec. large post, 
near septum. 

77 

Pos. 

12 

Post, infarct. 

U wave present in 11, ill, aVf with 
ST elevated 1 mm. V3 and V4 showed 

R wave almost absent with ST seg- 
ment elevated 4 mm. 

Rec. 3x4 cm. 
post, at septum 
near apex. 

80 

Pos. 

4 

“.Abnormal record.*’ 

Large Q3 with no ST shift and up- 
right T wave. 

Rec. post. 0.5 X I 
mm. high, near 
septum. 

S3** 

Pos. 

4. 4. 12 

Post, infarct, Comph 
gV-V block. 

ST elevation, T wave inversion in II, 
HI, aYf. No Q waves. Compl. A-V 
block. 

Old post. 3 cm. 
in diam. near 
septum. 

95 

Pos. 

12, 4, 4 

Compl. A-Y block, JUarge Q in 11, IH, aVf with deeply in- 

KBBB. verted T wave- Precordials showed 

KBBB. 

OLD INFARCTS 

Large rec, post. 

7 

Neg. 

4 

*’.\bnorinaI record.” 

Low voltage m all standard leads. No 
changes demonstrating infarction. 

Old 3x4 cm. 
post, near sep- 
tum. 

99 

Neg. 

4 

"Abnormal record.” 

No changes demonstrating infarction. 

Old post, 4 cm. 
in diam. 


* Caac 7 j m hospital twice for myocardial iDfarciion. 
Case S3 io hospital twice, once for infarction. 
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h’ocardiographically. Five of these 
cases were studied with complete pre- 
cordial leads, and in all of these cases 
the infarct was diagnosed by ECG. 
Review of the tracings on these 5 cases 
shows only 1 case (Case 73) in which 
a precordial lead at position 4 should 
not have suggested the diagnosis. 

Of the remaining 13 cases with posi- 
tive histories but without multiple pre- 
cordial leads the ECG diagnosis was 
made in 7 cases (54%). Review read- 
ings of the ECGs in these cases show 
3 additional instances (Cases 5, 11, 38) 
in which changes in CF4 were probably 
due to the underlying infarct. Of the 
total group of acute anterior infarcts 
studied with only 4 leads, 8 of 22 (36%) 
were diagnosed by ECG. This con- 
trasts with 5 of 5 (100%) studied with 
multiple precordial leads. 

Of the 4 cases having infarcts classi- 
fied as “old” occurring on the anterior 
surface of the heart 1 (25%) was diag- 
nosed by ECG. None of these cases 
had a history suggesting coronary dis- 
ease. The one case in which the 
diagnosis was made electi'ocardio- 
graphically was diagnosed from a 12 
lead ECG. Review of this and the 
other ECGs taken on this patient re- 
veals changes in die isolated lead 4 
which are definitely attributable to die 
infarct. The diagnosis, however, was 
made only when the 12 lead ECG was 
taken. The remaining 3 cases in this 
group were studied only with the 4 
lead ECG. Of these 3 cases review 
shows changes in lead 4 of 1 case which 
should have suggested infarcdon. In 
a second case the ECGs were not 
available for review, and in the third 
case diere are no ECG changes which 
can be attributed definitely to infarc- 
tion. 

There were 13 cases in which padio- 
logical study showed posterior infarcts 
that were classified as acute (See Table 
2). Of these 13 cases, 9 (69%) were 
diagnosed elcctrocardiographically. Of 


these 13 cases 3 had no recorded history 
of coronary disease, and in these 3 cases 
the ECG diagnosis was correct in 1 and 
incorrect in 2. One of tlie incorrect 
diagnoses (Case 66) was called an 
anterior infarct, so that while for clini- 
cal purposes the diagnosis can be con- 
sidered correct, electrocardiographically 
it is not accurate. The one case with 
correct ECG diagnosis among these 

3 was the only one studied with 12 
leads. 

Of the 10 cases of acute posterior 
infarction with histories positive for 
coronary disease the ECG diagnosis 
was made in 8 (80%). Six of these 
cases were studied with no more than 

4 leads and with 5 correct ECG diag- 
noses. Four were studied with 12 leads 
with 3 correct ECG diagnoses. In the 
entire group of 13 cases, 5 of 8 (63%) 
correct ECG diagnoses were made 
when 4 leads were used and 4 of 5 
(80%) when 12 leads were used. 

Of the 2 cases of posterior infarction 
classified as “old,” both were studied 
with 4 lead ECGs only. Neither had 
a history positive for coronary disease, 
and neither was diagnosed electro- 
cardiographically. 

The remaining cases of proved in- 
farction (Table 3) are too few for any 
statistical analysis to be attempted. 
High lateral infarcts are grouped separ- 
ately because of the special problems 
involved in their ECG diagnosis.*® The 
3 cases in the group of multiple in- 
farcts are not well classified elsewhere. 
The cases of isolated right ventricular 
infarcts, left bundle-branch block, and 
ventricular tachycardia are grouped 
separately because infarcts in these 
categories are generally considered im- 
possible of diagnosis by electrocardio- 
grapluc means. 

B. Cases with myocardial infarction 
not proved at autopsy. In tins group 
were 30 cases having an average age 
of 58.3 years. This included a range 
from 29 to 78 years. In tlxis group 
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of patients were 26 males ( 869 ??) and 4 
females (14%); 24 (83%) were white 
and 6 (17%) were colored. These 
cases represented patients dying of a 
fairly wide variety of diseases. Most 
of tliem were hospitalized for relatively 
short periods of time or died suddenly 
and unexpectedly while in the hospital. 
The common factor among them is that 
in every instance a final clinical diag- 
nosis of myocardial infarction was 
stated positively or was regarded as a 
probable first choice among several 
possibilities. In none of these cases 
was the diagnosis of myocardial in- 
farction substantiated by post mortem 
examination. 

The data on these cases are tabulated 
in Table 4. It may be noted that of the 
total of 30 cases 14 were not studied 
by any ECG that was pertinent to the 
terminal event. In the remaining 16 
the ECG was not read as suggestive 
of infarction in 10 cases but was read 
as such in 6 cases. The itemized pre- 
sentation of these 6 cases shows that in 
3 instances a clinical diagnosis of myo- 
cardial infarction was not made or 
considered probable until it was in- 
fluenced by an ECG diagnosis of in- 
farction. In the other 3 cases an ECG 
diagnosis of infarct tended to confirm 
an already erroneous diagnosis. 

Discussion; A study such as this one 
which is based on the collection of a 
number of hospital cases, many repre- 
senting patients who were not the ob- 
jects of special study during life, must 
of course raise problems which are not 
answered. From the review of ma- 
terial on the 100 cases of proved myo- 
cardial infarction several observations 
are suggested. The first of these is that 
of the total number of patients with 
myocardial infarcts only about half 
(35%) will receive an ECG study at 


such a time that their iirfarction can 
be demonstrated electrocardiographi- 
cally. This percentage could undoubt- 
edly be increased without great change 
in current hospital procedure; but for 
the figure to approach 100% it would 
seem necessary to make an ECG study 
almost a routine procedure on all pa- 
tients or at least all beyond early 
adult life. 

Of the 55 patients (56 cases) with 
myocardial infarction there were 2 who 
showed left bundle-branch block in all 
ECGs taken and 1 with ventricular 
tachycardia. This amounts to about 
5% of all cases, and in these cases 
the ECG can be of no positive help in 
regard to infarcts, as the changes pro- 
duced by left bundle-branch block and 
ventricular tachycardia, according to 
contemporary electrocardiographic the- 
ory, will completely obscure those re- 
sulting from infarction of the ventri- 
cles.^* Similarly isolated right ventri- 
cular infarcts are not thought to be 
amenable to specific ECG diagnosis. 
In tliis series there were 2 of these in- 
farcts. Although 1 (Case 40, Table 3) 
was diagnosed on the ECG, its localiza- 
tion was not correct. For the purposes 
of this study these should probably be 
included in the group of those which 
cannot be diagnosed electrocardio- 
graphically.* Added to the cases just 
mentioned, this would bring up to 9% 
the number of cases in which the ECG 
was of no specific diagnostic aid. 

Among the total of 56 eases there 
were 29 (52%) diagnoses of myocardial 
infarction including as correct diag- 
noses the few cases in which the locali- 
zation of the infarct was obviously er- 
roneous. Among the cases with a his- 
tory positive for coronary disease the 
figure was 24 in 33 (73%). Among the 
cases with a negative history there 


* The author can find no clear statement in the literature as to electrocardiographic correla- 
don \vith infarcts of the right ventricle. However, the relative electrical positivity of the 
interior of the right ventricle during the early part of the QRS complex in Uie normal heart 
theoretically prevents the development of a Q wave in isolated infarction of the right ventricle. 
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were 5 diagnoses in 23 cases (22%). 
The reasons for this disparity would 
appear to depend chiefly on the follow- 
ing factors; the size of the infarct, the 
frequency in the use of multiple leads 
beyond the minimal 4, and the degree 
of influence that a positive history may 
have on the individual making the ECG 
interpretations. 


gested the presence of infarction, and 
as has been shown these made a con- 
siderable contribution in estabhshing 
the diagnosis by ECG. The subjective 
element is more difflcult to evaluate. 
As described earher, the ECG pohcy 
employed at this hospital is planned so 
as to eliminate as far as possible the 
influence of clinical data on the initial 


Table 3. Miscellaneous Proved Myocardial Infarcts 


History 

suggesting 

acute No. of 

Case coronary leads Kind of 

No. disease taken ECG diagnosis ECG d.tta infarct found 


02 

100 

10 

71 

01 

8 

10 

0 

50 

81 


HIGH LATERAL INFARCTS 


Pos. 

Pos. 

Ncg. 

Pos. 

Neg. 

Neg. 

Pos. 


I. II. 
Ill, CFj. 
CFi. CFs 
4, 12 


1. 4, 12 


In CF4 very narrow Q 8 mm. deep; 

ads 


Ant. infarct. 

inverted T wave. In standard leads 
no elnanges demonstrating infaretion. 
High ant.-lat. First ECG non-eontrihutory. Second 

infarct. showed small Q in I, VO, large Q with 

inverted T wave in aVl. 

:MULTIPLE INFARCTS . 

'’Abnormal record.” Low voltage in standard leads. CF4 
showed nor. R, deep S wave. 

Post, and septal Large Q2 and Q8 with inverted T 

infarct. waves. Large Q in Vl, V2, V3. 

Post, infarct. Low voltage lead III with small Q 

wave; si. T wave inversion. 

. RIGHT VENTRICULAR INFARCTS 
Digitalis eflect. Same. No changes demonstrating in- 

farction. 


Pos. 

Ne 


Post, infarct. 

ELECTROCARDIOGRAMS SHOWING LEFT IHHJ ONLY 


ST2 and 3 elevated 1 mm.; early in- 
version of T waves in these leads. 


4, 4 Left BBI). Same, 

g. 1, 1, 1 Left BBB. ' Same. 

ELECTROCARDIOGRAMS SHOWING VENTRICULAR TACHYCARDIA ON 
Neg. 1, 1, 4, 1 Vent, tachycardia. Same. 


Rcc. high post.- 
lat. 3 cm. in 
diam. 

Rcc. high post.- 
lat. 4 cm. in 
diam. 

Old large ant.- 
septal, rcc. large 
high post.-lat. 

Of entire inter- 
vent. septum 
with perf. 

Many small; of 
entire Intervent, 
septum. 

Old post, of right 
vent., 2x4 cm. 
in area. 

Early ant. of 
right vent. 2x3 
cm. in area. 

Old and rcc. aut. 
Old and rec. post. 
LY 

Old large ant. 
vent, aneurism. 
No infarct. 


The pathology reports used in this 
study did not always have recorded the 
e.xact measurements of tlie infarcts de- 
scribed, so that no specific conclusions 
can be drawn as to exact size. Rough 
observation of tlie data in this report 
shows no apparent correlation between 
the size of tlie infarct and the presence 
of a history suggestive of infarction. 
Review of otlier literature on myo- 
cardial infarction confirms tliis observa- 
tion.- .'Vmong the cases described in 
this report multiple chest leads and 
unipolar extremity leads were more 
often taken when clinical findings sug- 


ECG reading. It is difficult to believe, 
however, tliat this influence is com- 
pletely eliminated. As an example, it 
is difficult to imagine how an individual 
could be confronted with a 12 lead 
emergency ECG and not search care- 
fully for indications of myocardial in- 
farction. 

The percentage of correct ECG diag- 
noses in anterior infarcts (4S% in acute 
cases, 45% in all) is considerably in- 
ferior to die percentage in jiosterior in- 
farcts (69% in acute cases, 60% in all). 
The 100% of correct diagnoses in cases 
of anterior infarction where 6 precordial 
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leads were taken suggests that anterior 
infarcts are much more frequently diag- 
nosed by this technique. There were 
only 6 cases in this group. They may 
have been in some measure selected 
cases from a clinical standpoint, and 
review of the ECGs indicates that some 
of these cases should have been diag- 
nosed from a precordial lead taken at 
position 4 alone. By way of contrast, 
however, are the 2 cases showing 
changes in isolated CF4 leads almost 
certainly due to infarction which were 
missed on the initial reading. There 
are in addition a few other cases where 
changes in the single precordial lead 
are probably due to infarction, and 
there are also several cases in which 


relationship of the precordial electrode 
to the heart. The several examples in 
this paper of small R waves in lead CF4 
almost without question include in- 
stances where the single precordial 
lead was placed more over the right 
ventricle than over the left. This is 
also illustrated by the cases in Table 
4 which were misdiagnosed as anterior 
infarcts by virtue of small or absent R 
v/aves in CF4. It might also be men- 
tioned that none of the proved cases 
of infarction in this series showed a 
type of precordial pattern that is so 
often read as suggestive of infarction. 
This pattern is that of absent R waves 
in the precordial leads taken at posi- 
tions Cl and sometimes C2 with a pro- 


Table 4. Infabcts Diagnosed Clinically and Electkocakdiocraphically 
Which Were Not Found at Autopsy. Summary of Cases 
With Positive Diagnosis of Infarcts. 


Ca3e 

No. 

History 

suggesting 

acute 

coronary 

disease 

No. of 
leads 
taken 

£CG diagnosis 

ECG data 

Autopsy 

findings 

109 

Neg. 

4 

Ant. infarct, left 
vent, prepond. 

Very small H. wave in CF4 with ST 
segment elevated 3 mm, and T wave 
inverting. Left vent, prepond, in 
standard leads. 

Chr. passive cong. 
Aluit. pul. in- 
farcts. 

110 

Neg. 

4. 4 

Ant. infarct, left 
vent, prepond. 

Absent R wave in first CF4, very 
small R wave in second. No ST shift. 

T waves upright. Left vent, prepond, 
ta stand leads. 

Perf. duodenal^ 
ulcer; peritonitis. 

113 

Neg. 

4 

Ant. infarct. 

ECG not available. 

Gangrene of 
lower esophagus. 

127 

Po3. 

4, 12, 4 

Post, infarct, nodal 
tachycardia. 

Small Q wave in lead III but not in 11 
or aVf. All records showed tachycar- 
dia, prob. nodal, noss. vent. 

Lar^e QS with elevated ST segment 
and inverted T wave. Lead I: large S 
wave. 

Chr- fibroid 
tuberc. 

229 

Pos. 

4 

Post, infarct. 

Widespread lobar 
pneumonia. 

ISO* 

P03. 

12 

Ant. infarct. 

Elevated ST segments in all precor- 
dials, lead I, lead aVl. No Q waves, no 

T wave inversion. 

Hemoperic. due 
to ruptured aor. 
aneurysm. 


* Case 130 is the same patient as case 83 in Table 2, 


very large anterior infarcts found at 
autopsy were missed by a single pre- 
cordial lead where there is every rea- 
son to suppose that multiple leads 
would have shown changes due to in- 
farction. An additional factor in this 
regard is the variabihty in placing of 
the precordial electrode. In obese pa- 
tients and in patients Yvith chest de- 
formities due to emphysema it is fre- 
quently impossible to be sure of the 


gressive rise in the height of R as the 
electrode is moved over the left chest. 

Contrasting with the situation seen 
in anterior or antero-lateral infarction 
the “posterior” surface of the heart, 
lying for the most part on the dia- 
phragm, does not permit easy explora- 
tion with multiple leads. Esophageal 
leads are relatively impractical and dif- 
ficult to apply, particularly in seriously 
ill patients. Multiple exploring leads 
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over the back, the subject of current 
reseach in several institutions, do not 
lend themselves to such easy interpre- 
tation as do leads over the anterior 
chest. By way of compensation, how- 
ever, lead III is of considerably more 
value in diagnosing posterior infarcts 
than is lead I in anterior infarction. 
Similarly lead aVf is considerably more 
valuable than an isolated lead aVl. 
This point is aptly illustrated by the 
data in the tables, where the EGG 
patterns in leads I and aVl were so 
infrequently of diagnostic aid tliat they 
are tabulated in only a few cases. 

In view of the difficulty in distin- 
guishing the Q waves and inverted T 
waves of lead III caused by posterior 
infarction from those which are due to 
position alone it appears somewhat 
remarkable that such a high percentage 
of these cases were diagnosed correctly. 
It is quite probable that if our filing 
system had enabled the author to re- 
view all the EGGs upon which a diag- 
nosis of posterior infarction had been 
based, several instances of erroneous 
diagnosis of posterior infarction would 
have been discovered which were miss- 
ed because the patients died from 
other causes at a considerable time 
after this EGG diagnosis had been 
made. The small number of cases in 
Table 4, however, which were mistak- 
enly called posterior infarction tends to 
discount this observation. 

One aspect of tlie diagnosis of pos- 
terior infarction which seemed rather 
striking was the negligible value of 
lead aVf in differentiating “normal” 
from pathological Q waves in lead III. 


Recent studies, notably those of Gold- 
berger' and of Myers and Oren,® have 
emphasized the value of this lead in 
tile diagnosis of posterior infarction. 
It is true that of the 5 cases of posterior 
infarction in this study in which lead 
aVf was taken the diagnosis was made 
in 4 and that the fifth (Gase 95, Table 
2) represents perhaps the outstanding 
error of interpretation in aU the cases 
presented here. Review of the tracings 
in these cases, however, shows no in- 
stance where the diagnosis was clearly 
presented in lead aVf but not seen 
equally well in lead III. The only 
exception to this statement might be 
provided by Gase 15 (Table 2) where 
the height of the R wave in aVf 
diminished in progressive tracings.^ 
Another interesting aspect of the 
diagnosis of posterior infarction is seen 
in Gases 7, 66, and 99 of Table 2. 
These cases all had infarcts of moderate 
size, but in none of them were there 
any changes in lead III to suggest in- 
farction. With the thought that per- 
haps extreme vertical position of the 
heart within the thoracic cavity coupled 
with clockwise rotation on the long 
axis might prevent these EGG changes 
fi om being referred to the diaphragm 
and the left leg the records on these 
cases were reviewed carefully. Ghest 
films had been taken on two of the 
three cases, and review of these alone; 
with the recorded physical examina- 
tions and autopsy findings of all three 
cases showed no marked pulmonary 
lesion or chest deformity which might 
significantly shift the position of the 
heart within the chest. 


* This rapid diminution in tlie height of an R wave in lead aVf— or for that matter in lead 
III— would appear to be a useful change to observe and one suggestive of posterior infarction. 
In tlie horizontally placed heart the foot electrode records the sum of the potential \-ariations 
of the diaphragmatic surface of the heart. In the case of a small infarct of tliis surface or one 
so placed tliat its full electrical effect is not recorded by the foot electrode a Q wave may not 
appear on the tracing in lead a\T but the overall reduction in positive potential may reduce 
the height of the R wave in aVf. If before infarction the ECG of this he.art showed an ex- 
tremely small R wave in lead III due to position alone, the change in potential resulting from 
the infarct might be sufficient to cause a Q wave in lead III but not a\’f. This Q3 is in a sense 
not the result of myocardial infarction but of infarction plus the effect of tlie heart’s position 
within the chest. Tliis apparently has occurred in this instance (Case 15, Table 2). 
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Of the 5 cases in which infarction 
was erroneously diagnosed by ECG 
and on which tracings were available 
for review (Table 4), 2 were clearly 
diagnosed on the basis of a small or 
absent R wave in a single precordial 
lead. In these cases multiple chest 
leads would almost certainly have 
clarified the picture sufficiently for a 
mistaken diagnosis of infarction to be 
avoided. One case was misread as a 
posterior infarct due to the presence 
of a large Q3 with elevated ST seg- 
ment and inverted T wave. Review of 
this ECG shows it to be typical of 
posterior infarction in almost every 
respect except perhaps that it has a large 

5 wave in lead I. It is possible that a 
lead aVf might have helped in making 
a correct diagnosis but the evidence 
presented earlier in this paper does not 
indicate that this is likely. Another 
case in this group was diagnosed 
wrongly as posterior infarct because of 
the distorting effect of a probable nodal 
tachycardia. The final case represents 
a pure error in interpretation, as re- 
view of the ECGs from this patient 
shows them to be typical of very acute 
pericarditis and not of acute infarction. 
In this entire study, which includes 
only autopsied patients, cases in which 

6 precordial leads were taken were 
misdiagnosed electrocardiographically 
only through errors in interpretation 
and not because of insufficient data. 
The same might not necessarily be 
true in non-fatal disease. 

Summary and Conclusions. 1. One 
hundred cases of proved myocardial 
infarction and 30 cases with a clinical 
diagnosis of myocardial infarction that 
was not found at autopsy are reviewed 
with special reference to the place of 
the electrocardiogram in the diagnosis 
of this disease. 

2. Fifty-five patients with proved 
myocardial infarction were studied elec- 
trocardiographically at times subse- 


quent to the development of their in- 
farcts. In these patients myocardial 
infarction was diagnosed electrocardio- 
graphically in 52%> of cases. 

3. In 22 patients vvith proved recent 
anterior infarction the diagnosis was 
made electrocardiographically in 36% 
when only 4 leads were taken. In 5 
patients with proved recent anterior 
infarction the diagnosis was made elec- 
trocardiographically in 100% when 6 
precordial leads were taken. 

4. In 8 patients with proved recent 
posterior infarction the diagnosis was 
made electrocardiographically in 63% 
when only 4 leads were taken. In 5 
patients with proved recent posterior 
infarction the diagnosis was made elec- 
trocardiographically in 80% when uni- 
polar extremity leads were taken in ad- 
dition to these. 

5. Sixteen patients with a clinical 
diagnosis of myocardial infarction were 
studied electrocardiographically. In 6 
(38%) of these patients an incorrect 
electrocardiographic diagnosis of myo- 
cardial infarction was made, as infarc- 
tion according to the criteria adopted 
was not found at autopsy. 

6. Based on an analysis of these re- 
cords, the use of 6 precordial leads as 
a routine procedure appears to be of 
great value in the accurate diagnosis of 
anterior myocardial infarction and rep- 
resents a considerable improvement 
over the technique employing only a 
single precordial lead. When the mul- 
tiple lead technique is used, errors in 
diagnosis will be almost exclusively 
those of electrocardiographic interpre- 
tation as contrasted with errors stem- 
ming from insufficient data. 

7. The use of unipolar extremity 
leads appears to be of comparatively 
little value in tire accurate diagnosis 
of myocardial infarction. Specifically 
the use of lead aVf appears to con- 
tribute little information toward the 
accurate diagnosis of posterior infarc- 
tion. 
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rOR many years studies have been 
carried on in experimental animals to 
determine the metabolic function of 
vitamin E in relationship to the repro- 
ductive, muscular, and vascular sys- 
tems. In the raD it has been shown 
that vitamin E is necessary for repro- 
duction. In the rat, guinea pig, rabbit 
and hamster, vitamin E deficient diets 
produce a profound alteration in the 
skeletal muscles microscopically similar 
to that found in the human muscular 
dystrophies.-'®'® It has been demon- 
strated that the o.xygen consumption, 
creatine, and chloride content of mus- 
cles in vitamin E deficient animals may 
be influenced by feeding alpha toco- 
pherol.® The clinical apphcations of 
these studies, however, have been dis- 
appointing. At one time enthusiasm 
was e.xpressed over the possible value 
of vitamin E in the prevention of spon- 
taneous and habitual abortion of un- 
known etiology in humans.^' The more 
recent papers have described consist- 
ently negative results in the treatment 
of the muscular dystrophies with vita- 
min E.®'®'^^ There is ample evidence 
that the blood level of vitamin E can 
he raised with tocopherol therapy.®-' 
Altliough the germ of cereal grains and 
green leafy vegetables represents the 
richest natural sources of vitamin E, 
so universal is its distribution in the 
plant world that no one has as yet been 
able to devise a diet of natural foods 

• This study was supported by grants from Distillation 
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suitable for the experimental produc- 
tion of vitamin E deficiency.'^ 

A considerable number of animals 
have been observed to die suddenly 
while on vitamin E deficient diets.* One 
bovine which died suddenly was fol- 
lowed with serial electrocardiograms 
that showed gradual and progressive 
changes. Atrophy and scarring of cardi- 
ac muscle fibers were found to appear, 
along with an increase in the ceUular 
elements. It was concluded tliat cardiac 
failure could be produced in cattle by 
means of a vitamin E deficient diet. 

The reports^®'*®'^®'^® on the use of 
vitamin E in various types of heart 
disease with much attendant publicity 
have stimulated an interest in the pos- 
sible therapeutic effects of this drug. 
Although there has been no critical 
study of the effects of large doses of 
vitimin E, an increasing number of 
patients have been seen by the authors 
in consultation who have been placed 
on vitamin E by their physicians. 

The present study was undertaken in 
an attempt to evaluate by laboratory 
tests and clinical examinations the ef- 
fect of tocopherol therapy in selected 
types of cardiovascular disease. 

Procedure. In this study 7 patients with 
hypertensive vascular disease without cardiac 
enlargement by Roentgen-ray (Group 1), 7 
patients with hypertensive vascular disease 
and cardiac enlargernent by Roentgen-ray 
(Group 2), and 7 patients with classical and 

roductSf Inc. and the John and Mary !Markle Foundation. 
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relatively stable angina pectoris (Group 3j 
were selected. The patients were seen usually 
at montnly intervals over periods of 5 to 20 
montlis. 

Each patient was given the benefit of a 
complete History and physical e.vamination for 
purposes of classification. Electrocardiograms 
ana 2 meter teleroentgenograms of tlie chest 
were taken along with blood plasma toco- 
pherol levels to serve as controls. At each 
subsequent visit of the patient the pertinent 
interval history was recorded; a cardiovascular 
examination was performed; and tlie above 
laboratory data were repeated. 

Medication in each instance was begun 
with oral placebos; each patient received 
initially placebos indistinguishable from the 
capsules containing tocopherol for 1 montli. 
Alter 1 month of placebos, the patient was 
given tocopherol orally for 1 month. These 
2 preparations were then alternated for periods 
of 1 month each tliroughout the period of 
observation. Purposely every patient was given 
the impression that he received the identical 
medication on each occasion. 

Dming the earlier period of study, toco- 
pherol therapy was begun with a daily dosage 
of 150 mg. of the mixed tocopherols. Later, 
tocopherol treatment was initiated at levels 
of 300 mg. daily of the alpha tocopherol. At 
subsequent visits the dosage of tocopherol was 
increased so that during the period of obser- 
vation 13 patients received a daily dosage of 
600 mg.; 2 patients received a daily dosage 
of 300 mg. of the alpha tocopherol for at 
least 1 or more months, and for 6 patients the 
maximum daily dosage was 150 mg. of the 
mixed tocopherols (See Table 1). 

Results and Discussion. The results 
are summarized in Table 1. In every 
patient, it was found that the blood 
level could be raised significantly by 
the oral administration of tocopherol. 
In 21 instances of patients to whom 
150 mg. per day of mixed tocopherols 
were administered for 1 month tliere 
was an average increase of 47% in the 
blood plasma tocopherol level (mean 
increase from 1.20 mg. per 100 cc. to 
176 mg. per 100 cc.. Table 2). There 
was an increase in the blood plasma to- 
copherol level in eveiA' instance, and 
the increment was thoimht to be siecnifi- 
cant in 20 of these. 

In 11 instances of patients who re- 
ceived 300 mg. per day of alpha toco- 


pherol for 1 month there was an 
average increase of 54% in the blood 
plasma tocopherol level (mean increase 
irom 1.28 mg. per 100 cc. to 1.97 mg. 
per 100 cc., Table 2). There was a signi- 
ficant increase in 10 instances. There 
was some question whether the medi- 
cation was taken in tlie 11th. 

In 23 instances of patients who were 
given 600 mg. per day of alpha toco- 
pherol for one month there was an 
average increase of 85% in the blood 
tocopherol level (mean increase from 
1.59 mg. per 100 cc. to 2.95 mg. per 
100 cc.. Table 2). An increase in blood 
level was noted in every instance; in 22 
the increase was thought to be signifi- 
cant. 

In the hypertensive group without 
cardiac enlargement (Group 1), 2 pa- 
tients felt generally better during the 
period of placebo therapy. This im- 
provement was maintained throughout 
the period of study with alternating 
tocopherol and placebo therapy widi- 
out significant change in blood pres- 
sure, In 2 patients the T- waves of the 
electrocardiogram became lower while 
on tocopherol therapy. One patient felt 
less well during tocopherol therapy. 
The remainder of the patients mani- 
fested no significant changes. 

In tlie hypertensive group with 
cardiac enlargement (Group 2) 2 pa- 
tients improved subjectively on placebo 
therapy but e.xhibited no objective 
changes. This improvement was main- 
tained. Two patients with bundle 
branch block developed increasing en- 
largement of the heart; 1 of them pro- 
gressed to congestive failure. No 
improvement was noted in the other 
patients of this group. 

Of the 7 patients having angina, 
(Group 3) only 1 reported an increase 
in tolerance to exercise which began 
while receiving tocopherol. This im- 
provement was sustained throughout 
the period of study. An additional pa- 
tient improved while on placebos and 
maintained improvement throughout 
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the follow-up period. One further pa- 
tient became worse on tocopherol 
therapy. No change subjectively or 
objectively was noted in the remainder. 

Thus it seems well demonstrated 
that tocopherol therapy produced no 
appreciable benefits in this group of 
patients. There was no significant im- 
provement in symptomatology nor in 
objective findings. Specifically there 
was no lowering of the blood pressure, 
no decrease in heart size by Roentgen- 
ray, nor improvement in the electro- 
cardiogram. The changes which were 
recorded indicating improvement in 
some and progression in others were 
no more than one might expect in the 


natural evolution of their cardiovas- 
cular disease. No toxicity from the drug 
was noted in any patient. There was no 
correlation between the level of blood 
plasma tocopherol and the clinical 
course of the patient. In patients with 
congestive heart failure we found that 
the tocopherol blood levels^'* were nor- 
mal and not reduced. 

Conclusion. In a series of 21 patients 
with cardiovascular disease followed 
from 5 to 20 months, tocopherol therapy 
was found to produce no appreciable 
benefit either subjectively or objec- 
tively. 

The blood level of tocopherol can be 
significantly raised by the oral admin- 
istration of the drug. 


Table 2.— PLAs^tA Tocopherol Levels at Various Stages of the Study. 


Alter 

1 Month of 
No, Placebos 

2 Months 
Later Alter 

1 Month 
of 150 mg 
of Mixed 
Tocopherols 
DaUy 

3 Months 
Later Alter 

1 Month 
on Placebos 

After 

1 Month cf 
Placebos 

2 Months 
Later Alter 

1 Month 
cf 300 mg 
of Alpha 
Tocopherol 
Daily 

3 Months 
Later After 

1 MonUi 
on Placebos 

Alter 

1 Month of 
Placebos 

2 Months 
Later After 

1 Month 
of 600 mg 
of Alpha 
Tocopherol 
DaUy 

3 Months 

Later After 

1 Month 
on Placebos 

1 

1.24* 

1.64 

1.14 

1.33 

1.64 

1.66 

1.77 

3.00 

1.79 

2 

1.22 

2.02 

1.26 

1,43 

2.87 

1.77 

1.50 

3.23 


3 

1.03 

1.59 

1.53 

1.28 

2.59 

1.40 

1.40 

3.10 

1.58 

4 

1.37 

1.84 

1.33 

,95 

1.59 

.SO 

1.53 

2.34 

1.44 

5 

1.47 

2.11 

1.57 

1.01 

1.91 

1.19 

1.44 

2.81 

1.07 

a 

1.62 

1.84 

1.72 

1,01 

1.34 

1.19 

1.07 

2.08 


7 

1.25 

2.07 

1.28 

1.00 

1.55 

.82 

.82 

2.83 

1.02 

a 

.66 

1.32 

1.02 

1.93 

2.30 

1.83 

1.50 

2.56 

1.93 

3 

1.02 

1.70 

.95 

1,07 

2.67 

1.74 

1.43 

1.64 

1.43 

10 

.89 

1.42 

1,01 

1.33 

1.30 


1.43 

3.98 

1.51 

11 

.89 

1.28 

.89 

1.19 

1.95 

.93 

1,51 

2.92 


12 

1.53 

2.09 

1.45 




1.24 

2.50 

1.07 

13 

1.00 

1.37 

.82 




1.75 

2.16 


14 

1.48 

2.73 

1.50 




2.56 

4.G9 

2.82 

15 

1.09 

2.10 

1.36 




1.42 

3.28 

1.59 

16 

1.05 

1.81 





1.59 

2.71 

1.62 

17 

1.39 

1.83 

1.29 




2.71 

4.53 

1.62 

IS 

1.29 

1.38 

1.18 





3.36 


19 

1.47 

1.72 

1.28 




1.79 

2.89 

1.97 

20 

1.28 

1.73 

1.42 




1.07 

2.42 

1.24 

21 

.99 

1.46 

1.19 




1.24 

2.02 









2.62 

4.48 









1.17 

2.19 

1.23 

Average 

1.20 

1.76 

1.26 

1.28 

1.97 

1.34 

1.59 

2.95 

1.66 Average 


• AU tigures represent tjtood plasma tocopherol levels In mg. per 100 cc. 
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It IS well known^ ®-^- that from 60 
to 80% of patients with acute rheumat- 
ic polyarthritis present diagnostic elec- 
trocardiographic changes. Although 
similar alterations of the electrocardio- 
gram may occur in numerous infec- 
tious and other febrile diseases, the ab- 
sence of polyarthritis in these disorders 
facilitates the differential diagnosis. 
Reiter’s syndrome of urethritis, con- 
junctivitis and polyarthritis has lately 
been noted to affect the electrocardio- 
gram®; however, the ocular and genital 
manifestations and its limitation to the 
male sex serve to exclude acute rheu- 
matic polyarthritis. 

In presenting 4 instances of acute 
gonococcal polyarthritis with electro- 
cardiographic changes, our purpose is 
to demonstrate a pertinent exception to 
the a.xiom that polyarthritis (the usual 
form in gonorrheal arthritis) plus an 
abnormal and unstable electrocardio- 
gram is pathognomonic of acute rheu- 
matic fever. We wish also to call atten- 
tion again to the subject of acute gon- 
ococcal myocarditis. 

Clinical Abstract.. Case 1. A 22-year-old 
woman, taith migrating polyarthritis, continu- 
ous fcccr, leukocytosis, rapid sedimentation 
rate and electrocardiographic changes in the 
T a-aces “typical’ of acute rheumatic fever, 
was treated with salicylates without benefit 
(300) 


for 49 days. Finally, roentgenography revealed 
a septic arthritis. Sulfathiazol halted the 
progressive arthritis and fever in 5 days. One 
month later the electrocardiogram had become 
normal. The right knee and left ankle joints 
were pervianently ankylosed. Diagnosis: Sep- 
tic Arthritis, probably Gonococcal, with 
Gonococcal Myocarditis. 

S. W. (P. F. No. 887-957), a married negress, 
age 22, entered the Los Angeles County Hos- 
pital on July 19, 1944, stating that she had 
been quite well until one week before, when 
the left little finger began to ache and swell. 
The ne.vt day her left foot began to exJarge 
and hurt; and a day later the right knee be- 
came involved. She denied previous arthritis, 
chorea, trauma, vaginal discharge, and recent 
pharyngitis. 

Physical examination: Temperature 102°, 
pulse 110, blood pressure 130/70. The tonsils 
were large, but did not appear infected. The 
heart was normal. The left little finger, left 
ankle, and right knee were swollen, red, hot, 
very tender, and extraordinarily painful on 
motion. Because of the obesity (200 lbs.) 
and arthralgia, pelvic examination was omitted. 

Laboratory studies: Hb.— 12 gm., RBC— 
4,530,000, \VBC-10,6o0, with 75% PMN, 
1% PME, and 24% L. Wet chamber prepara- 
tions disclosed no sickling of the erythrocytes. 
Sedimentation rate, 25 mm. (Wintrobe). An 
electrocardiogram (Fig. 1-A) the day after 
entry showed low voltage Tj, inverted To, T 3 
and TjF and a PR interval of 0.16 second. 

Course: Because of the clinical picture plus 
the typical electrocardiopathy, a iagnosis of 
acute rheumatic fever was assumed and 160 
grains of sodium salicylate were given daily. 
Nevertheless, fever and arthritis persisted, 
and the right knee became markedly swollen. 
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On August 8 (20th hospital day), a second 
electrocardiogram (Fig. 1-B) disclosed the 
PR interval to be 0.20 seconds, with T3 and 
T^f now isoelectric. On the same day, a 
complement fixation test for gonorrhea was 
negative; this test plus the abnormal and 
fluctuating electrocardiograms reinforced the 
diagnosis of acute rheumatic fever. On August 
25 (37 til hospital day) fever and artliritis 
continued; a third electrocardiogram (Fig. 
1-C) was similar to the prior tracing; moder- 
ate anemia became manifest (Hb— 10 gm.; 
RBC— 3,720,000), the leukocyte count was 
5,750 and the sedimentation rate was 23 mm. 


revealed “narrowing of the joint space with 
irregular erosion of the femoral cond\’les, 
most consistent with a septic arthritis.’’ A 
serial film one month later showed slight 
increase in tlie destruction of the knee joint; 
at this time, the left ankle and foot presented 
“bonv demineralization of the tarsal and 

a' 

metatarsal bones, consistent with septic arthri- 
fa's.” During this period of normal temperature 
and improvement by treatment with physio- 
therapy, an electrocardiogram (Fig. 1-D) 
taken October 16 (89th hospital day) w'as 
entirely normal. 



Fic. 1.— Electrocardiograms of Case 1, showing variation in tlic T waves. A, before treatment. H and C, 
during salicylate therapy. D, 3" days after sulfathiazol therapy. 


Despite no clinical improvement, adequate 
salicylate therapy was continued for a total 
of 7 weeks. During tliis time, the uric acid 
was 1.1 mg. per 100 cc., a second comple- 
ment fixation test for gonorrhea was negative, 
and agglutination tests for undulant fever 
were negative. On September 9 (52nd hospi- 
tal day'), in the face of a recent spread of tiie 
arthritis to the left elbow, salicylates were 
discontinued and sulfatliiazol therapy was in- 
stituted; on that day’, the leukocytes nmnbered 
10,950, the sedimentation rate was 20 mm., 
and the hemoglobin had fallen to 8.5 gm. 
After 5 days of treahnent with sulfonamide, 
the patient became afebrile for the first time 
in S weeks and the pain was greatly’ relieved. 
On the 3rd day of this treatment (55th hospi- 
tal day), roentgenography of the rigiit knee 


Case 2. A 19-ijear-old icoman with migrat- 
ing polyarthritis, continuous fever, leukocy- 
tosis, rapid sedimentation rate and electro- 
cardiographic changes in the PR interval and 
T waves “typical" of acute rheumatic fever 
was treated without benefit for 37 days. At 
that time a septic joint was disclosed by the 
x-ray and urethral and cervical cultures re- 
vealed gonococci. Penicillin effected a cure in 
7 days. One month later the electrocardiogram 
had become normal. Permanent ankyloiis of 
the right elbow remained. Diagnosis: Gono- 
coccal Arthritis, with Gonococcal .Myocarditis. 

O. F. (P. F. No. 817-7-16), a 19-year-oId 
Mexican housewife, entered the Los .-Vngeles 
County Hospital on May 29, 19-M, compLiin- 
ing of painful swelling of the right elbow and 
left ankle for -1 days. She denied extr.unarit.d 
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exposure and did not admit sexual contact 
since her husband’s furlough some 4 montlis 
prior to entry. There was no history of rheu- 
matic fever or arthritis. Tonsillectomy had 
been performed 11 years before for frequent 
sore throats. 

Physical Examination: Temperature, 101°, 
pulse 108, blood pressure 104/80. No 
cardiac murmurs were heard. Pelvic examina- 
tion disclosed a normal menstrual period in 
progress. The right elbow and left ankle were 
very tender, swollen, red and hot. 


hospital day), other joints became painful, 
the sedimentation rate was 46 mm., and the 
fever was unabated. In an effort to achieve 
a therapeutic salicylate level, sodium salicylate 
was given intravenously according to the 
method of Cobum. Because a chill occuned 
after 100 cc. had been administered, the 
treatment was stopped. Since the patient 
stated that she had been greatly relieved of 
the painful joints by the intravenous salicylate, 
another injection was given the next day and 
a chill again resulted. 



Fic. 2.— Electiocardiogroras of Case 2, showing abnonnaUties of the PR interval and T waves. A and B, 
during salicylate therapy. C, 16 days after peniciUm therapy* 


Course. On May 29 (2nd hospital day), 
cervical and urethral smears showed no gono- 
cocci. The sedimentation rate was 34 mm, 
(Winlrobe). A gonococcal complement fixa- 
tion test was negative. With aU tlie evidence 
favoring the diagnosis of acute rheumatic 
polyarthritis, sodium salicylate was started 
the ne.xt day (12 gm. per diem). On June 2 
(6th hospital day), an electrocardiogram 
showed no abnormality; the PR interval was 
0.14 seconds (Fig. 2-A). On June 8 (12th 


On June 18 (22nd hospital day), the 
artliritis had progressed despite salicylate 
given in adequate oral dosage; the right 
shoulder was very painful and tender. An 
electrocardiogram taken on June 23 (27th 
hospital day) revealed the PR interval to be 
0.21 seconds, further buttressing the diagnosis 
of acute rheumatic fever (Fig. 2-B). The 
salicylate dosage was increased to 15 gm. 
per day on Jime SO (34th hospital day) with- 
out benefit. On July 13 (48th hospital day). 







ACUTE GONOCOCCAL ^VRTHRITIS AND MYOCARDITIS 


303 


repeated cervical and urethral smears were 
negative for gonococci. Agglutination tests 
for the specific fevers were negative. A coc- 
cidiodin skin test was negative. The blood 
uric acid concentration was 1.3 mg. per 100 
cc. Four blood cultures were sterile. 

On July 14 (49th hospital day), roent- 
genograms of the right elbow disclosed a 
destructive artliritis. In a few days, urethral 
and cervical cultures taken at the time of 
the second negative smears were reported 
positive for gonococci. On July 22, confronted 
with this evidence, the patient confessed an 
e.xtramarital adventure 2 weeks before the 
arthritis developed. Penicillin, 20,000 units 
every 3 hours, was immediately administered. 
After 1 week she was afebrile and the in- 
volved joints, although stiff, were painless. 

On August 7, (73rd hospital day), after 
one week of normal temperature, the electro- 
cardiogram returned to normal with a PR 
interval of 0.16 seconds (Fig. 2-C). She was 
discharged the ne.xt day able to walk, but 
with the right elbow ankylosed at 165 degrees. 
She was e.xamined in the orthopedic clinic at 
intervals; on September 24 she was still com- 
plaining of stiffness of the right elbow, pain 
in the right knee, and stiffness of the left 
ankle. An .x-ray of the right elbow was re- 
ported: “Since July 15, the destruction of the 
articular cartilage has progressed. The bony 
demineralization has increased.” The left 
ankle showed “diffuse demineralization and 
narrowing of the talotibial joint.” 

Case 3. A 21 year old woman developed 
migrating polyarthritis, continuous low grade 
feoer, leukocytosis and rapid sedimentation 
rate 15 days before a normal delivery took 
place. Electrocardiographic changes in the 
PR interval and T waves were "typical" of 
acute rheumatic fever. Salicylates were given 
for one week ivithout benefit and were dis- 
continued when septic arthritis was demon- 
strated radiologically and a positive comple- 
ment fixation for gonorrhea was obtained. 
Sulfadiazine arrested the arthritis and effected 
a cure in 2 days. The electrocardiogram had 
not returned to normal 17 days later. A per- 
manently ankylosed ankle joint remained. 
Diagnosis: Gonococcal Arthritis, with Gono- 
coccal Myocarditis. 

S. M. (P. F. No. 895-817), a Me.xican house- 
wife, age 21, entered the obstetrical ward of 
the Los Angeles Count)' Hospital on Septem- 
ber 23, 1944, in tlie Sth montli of her first 
pregnancy. She stated that she had been 
well until 3 days before, when she noted 
swelling of all of her fingers. This was greatly 
relieved spontancoiLsly, but on the evening 
before entry the right ankle suddenly became 
very pamful, swollen and hot. There was no 


history of frequent or recent sore throats, 
rheumatic fever, or arthritis. 

Physical examination: Temperature 99.2°, 
pulse 100, blood pressure 120/60. The pha- 
rynx was normal. No cardiac abnormalities 
were noted. The uterus was enlarged 22 cm. 
above the symphysis and fetal heart tones 
were distinctly heard. The right ankle was 
swollen, hot, red, tender and was held in 
plantar fle.xion. The fingers of the left hand 
were held in partial fle.xion and attempted 
extension was painful. 

Laboratory studies: Hb.— 11.3 gm., WBC— 
13,800, with 74% PMN and 26% L. Sedi- 
mentation rate: 30 mm. (Wintrobe). Electro- 
cardiogram: T^f was inverted (Fig. 3-A). 
On September 25 (2nd hospital day), an 
x-ray examination of the right ankle disclosed 
no abnormahty. 

Course: Spontaneous labor occurred on 
October 5 (12th hospital day) and she was 
delivered after a short normal labor of a male 
child. She had no post-partum complaints 
e.xcept for the painful right ankle. On Octo- 
ber 11 (17th hospital day), an electrocardio- 
gram revealed a PR interval of 0.26 seconds 
(Fig. 3-B). Because of the possibility of 
rheumatic polyarthritis, suggested by the 
electrocardiographic changes, she was trans- 
ferred to a medical ward on the 24th hos- 
pital (12th post-partum) day. She was re- 
e.xamined and again no cardiac abnormalities 
were noted. Fever was seldom above 99°. 
The finger joints were now entirely normal, 
but the right ankle showed no improvement. 
The leukoeytes numbered 16,400 with 74% 
polymorphs. An electrocardiogram ( Fig. 
3-C) revealed tliat the inverted T waves in 
Leads III and IVF had become upright and 
the PR interval had returned to normal. A 
tliird tracing (Fig. 3-D) taken 5 days later 
(October 23) showed that Tg was inverted. 
An orthocardiogram disclosed a heart of 
normal size and outline. The blood uric acid 
concentration was 1.4 mg. per 100 cc. An 
agglutination test for brucellosis was nega- 
tive. These normal laboratory and roent- 
gcnographic results plus the varying clcctro- 
c.ardiograms pointed to a diagnosis of acute 
rheumatic polyarthritis and the next day 
sodium salicylate therapy w;rs instituted. 

A second .x-ray examination of the right 
ankle (after an intcrxal of 30 days) revealed 
that the tibio-talar joint was narrowed and 
hazy, being consistent with a septic arthritis. 
At the s.ime time a complement fixation test 
for gonorrhea w.is reported back as positive. 
On October 27 (31th hospital d.ay) tlie salicy- 
late w,is discontinued and sulfadiazine was 
given with marked relief of the artliralgia 
within 48 hours. On October 30 (37th hos- 
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pital day), die sedimentation rate and leuko- 
cyte count were normal. An electrocardio- 
gram, however, continued to show changes 
(Fig. 3-E); T3 was upright and was 
inverted. On November 8 (45th hospital 
day), an electrocardiogram (Fig. 3-F) re- 
vealed a PR interval of 0.32 seconds. The 
next day cervical smears were negative for 
gonococci. An x-ray of the right ankle on 
November 10 (47th hospital day) showed 
increased haziness of the tibio-talar joint and 
further osteoporosis. Clinically, the joint was 
painless, but ankylosed. On November 13 
(31st hospital day) the sedimentation rate 
was normal, but the electrocardiogram (Fig. 
S-G) showed a normal PR interval and low- 
ering of Tj and To. The patient left the 
hospital against consent and follow-up has 
been unsuccessful. 


stiffness of the neck and fever of 102° were 
noted. The ne.\t day, both thumbs were very 
tender; this subsided in 36 hours. Four days 
before entry, both knees became painful and 
swollen. There was no prior history of rheu- 
matic fever, frequent pharyngitis or arthritis. 
For several years, she had had^ nosebleeds a 
few days before each period. 

Physical examination: Temperature 99.4°, 
pulse 80, blood pressure 110/70. The pha- 
rynx was normal. No cardiac abnormalities 
were noted. Both lower abdominal quad- 
rants were tender. A whitish-yellow vaginal 
discharge was seen and both adnexal regions 
were tender. Both knees were markedly ten- 
der on their lateral and medial aspects, mo- 
tion was sharply limited by pain, and the 
normal surface landmarks were obscured 



Case 4. A 16 year old girl with migrating 
polyarthritis, continuous fever, leukocytosis, 
rapid sedimentation rate and vaginal dis- 
charge was treated for presumptive gonor- 
rheal arthritis with penicillin and was cured 
in 3 days. The complement fixation for gon- 
orrhea was positive. Electrocardiograms, how- 
ever, revealed changes in the T waves “typi- 
cal” of acute rheumatic fever. One month 
later the electrocardiogram was still unstable 
and abnormal. Diagnosis: Gonococcal Arth- 
ritis, therapeutically aborted, and Gonococcal 
Myocarditis. 

C. S. (P.F. No. 936-919), a 16 year old 
single negress, entered the Los Angeles 
County Hospital on March 17, 1946, com- 
plaining of pain in both knees for 4 days. 
She had had no abnormal symptoms until a 
whitish vaginal discharge appeared about one 
v.cek before entrv’ (and one week after 
coitus). Shortly after the discharge, burning 
on urination began. Six days before entry'. 


by fluid in the joints. Both knees were hot, 
the right more than the left 

Laboratory studies: WBC— 11,600. Urethral 
and cervical smears: no gonococci. Sedimen- 
tation rate: 22 mm. (Wintrobe). 

Course: On the basis of the admitted coitus 
and vaginal discharge, acute gonorrhea and 
acute gonococcal arthritis were diagnosed and 
20,000 units of penicillin was given intra- 
muscularly -every 3 hours beginning on the 
day of entry. On March 20 (3rd hospital 
day), an electrocardiogram (Fig. 4-A) re- 
vealed isoelectric T,, and inverted T waves 
in the other leads. This might have cast doubt 
on the diagnosis had not the fever subsided 
and the arthritis markedly improved. Two 
days later (oth hospital day) the comple- 
ment fixation test for gonorrhea was reported 
positive. Penicillin was discontinued after 5 
days; the sedimentation rate was 12 mm. 
On March 27 (llth hospital day) an elec- 
trocardiogram (Fig. 4-B) showed Tj now 
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AMYLOID HEART DISEASE 


By Joseph Ballinger, M. D. 

ADJUNCT IN MEDICINE 
NEW YORK, NEW YORK 

(From the Medical Division and the Division of Laboratories of the Montefiore Hospital) 


It is the purpose of this communica' 
tion to bring attention to a small group 
of patients exhibiting signs of heart 
disease and intractable heart failure 
caused by the infiltration of amyloid 
material into the various structures of 
the heart. The amyloid disease found 
in such instances has been designated 
as primary systemic amyloidosis and 
differs in several respects from that 
found in the more common secondary 
type of amyloidosis associated with 
cturonic suppuration, neoplasm or 
chronic infections. The major differ- 
ences between the two styles lie in 
their different staining reactions to io- 
dine, Congo red and methyl violet and 
their usually distinct organ predilec- 
tions. The primary type e.xhibits a 
marked affinity for smooth and striated 
musculature, especially that of the myo- 
cardium and the tongue, the skin, and 
blood vessels, whereas the secondary 
type is characteristically found in the 
liver, spleen, kidneys, and adrenals. It 
is the almost universal affinity of the 
primary type of amyloidosis for cardiac 
muscle tissue that accounts for the 
commonly observed cardiac signs and 
symptoms in this disease. In a recent 
excellent and complete review of the 
literature on primary systemic amyl- 
oidosis Lindsay^ reported evidence of 
cardiac amyloidosis in 39 of 43 autop- 
sied cases. Of a total of 48 reported 
cases of primary amyloidosis studied 
by Eisen,- 26 ( 54%) exhibited evi- 
dences of clinical congestive heart fail- 
ure directly related to the infiltration 
of the heart by amyloid material. Myo- 
cardial failure in this disease was usu- 
ally the result of a %videspread intersti- 
(20S) 


tial deposition of this foreign amyloid 
material with consequent stenosis or 
complete obliteration of the venules 
and capillaries of the myocardium 
leading, in many instances, to fibral 
atrophy and, or, necrosis. Other con- 
tributing causes for the myocardial fail- 
ure were; (a) mechanical interference 
vvith the function of the valves caused 
by the deposition of amyloid in the 
valvular apparatus, at times giving the 
clinical picture of organic valvular dis- 
ease identical with rheumatic heart dis- 
ease; (b) obliterative infiltration into 
the walls of the coronary arteries and 
arterioles and consequent chronic cor- 
onary insufficiency; (c) obliterative in- 
filtration into the walls of the pulmo- 
nary vessels and alveolar walls with the 
production of a chronic cor pulmonale; 
and (d) more rarely, pericardial or en- 
docardial deposits followed by inter- 
ference of cardiac function. 

A report® of 3 cases of atypical amyl- 
oid disease from Montefiore Hospital 
in 1935 included 1 case of amyloid 
heart disease with marked congestive 
heart failure. Within the last 5 years 
there have come to autopsy at Monte- 
fiore Hospital 2 additional instances of 
this rare disease, each presenting the 
picture of intractable congestive heart 
failure. Clinical and autopsy reports of 
these cases follow: 

Case Reports. Case t (E.P., Hist. No. 
35812); A 47 year old white male house 
painter was admitted on April 13, and died 
on April 22, 1943. He had been in good 
health until 16 months before admission when 
he developed a moderately severe upper res- 
piratory tract infection with low grade fever 
lasting for 1 week. In July 1942, he noted 
for the first time shortness of breath on climb- 
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the myocardium with no evidence of peri- 
cardial fluid, and urine of high concentration 
showing 1 to 2 plus albumin, a few wbc 
clumps, an occasional granular cast and an 
occasional red blood cell. He was transferred 
to Montefiore Hospital on April 13, 1943, 
with the diagnosis of clironic interstitial myo- 
carditis, etiology unknown. The past history 
and family history were negative. 

On admission to Montefiore Hospital, the 
patient was a fairly well developed, tall, 47 
year old white male appearing chronically 
but not acutely ill. The pupils and ocular 
fundi were completely normal. The tongue 
was not enlarged nor grossly abnormal. The 
cervical veins were distended and filled from 
below. Coarse moist rales were audible above 
the level of a bilateral hydrothora.x e.\tend- 
ing over botli bases of the lungs. The point 
of maximum cardiac impulse was visible and 
palpable in the 5th intercostal space near the 
anterior aMllary line. The heart sounds were 
of good quality, with a distinct gallop rhythm 
au^ble at the apex. The rhythm was other- 
wise regular at SO beats per minute. P2 was 
louder than A2. The blood pressure in the 
right arm was 112/72 mm. of mercury, in 
the left arm 110/64 mm. There were no ^ills 
nor murmurs. The liver was firm, smooth and 
its edge extended 4 inches below the costal 
margin. The spleen and kidneys were not 
palpable. Edema of the external genitalia 
was quite marked. The prostate was slightly 
enlarged symmetrically. There was massive 
anasarca involving the lower limbs up to the 
groin and extending on to the sacrum and up 
to the anterior chest wall. There was no 
cyanosis nor clubbing of the fingers or toes. 
Neurological e.xamination was not remarkable. 

Laboratory findings: Urine: ma.\imum sp. 
gr. 1.015 after a concentration test, 1 to 3 
plus albumin, and an occasional hyaline and 
granular cast. The red blood cell count was 
4.7 million, hemoglobin 90%, white blood cell 
count 6800 (67% pol)Tnorphonuclear cells, 
26 lymphocytes, 5 monocytes, 1 eosinophils, 1 
basophils). Serological tests were negative. 
The fasting blood sugar w;is 93 mg. per 100 cc. 
The blood urea nitrogen was 32 mg. per 100 
cc. The venous pressure was 20 cm. of water. 
Circulation time was 29 seconds (ether 
method), 53 secs, (saccluurine). The electro- 
cardiogram showed lo%v voltage, prolonged 
R-R interval, right axis deviation with right 
ventricular strain, diminished R4, flat Tl, T2, 
inverted T3, elevated Tl. Cardiac fluoroscopy 
revealed a marked enlargement of the heart 
transversely with principal enlargement of 
the left Ventricle. .Also noted w'as a bilateral 
hydrothorxx. 


The patient’s temperature in the hospital 
was always normal. In spite of vigorous de- 
hydration therapy the patient gained 5 kg. 
in 9 days. Symptoms were constant and pro- 
gressive. He was found dead in bed on 
April 22, 1943, 9 days after admission. The 
clinical diagnosis was cluronic heart failure 
of unknown etiology, possibly clironic in- 
fectious myocarditis. 

Autopsy. (No. 9510 by Dr. Mae Sherman, 
10 hours post-mortem): The heart weighed 
540 gm. The pericardial surfaces were smooth 
and glistening and tlie sac was free of excess 
fluid. All chambers were markedly dilated 
and hypertrophied. Friable thrombotic ma- 
terial was adherent to the endocardium of 
the right atrium and, to a lesser degree, the 
left atrium. The myocardium was everywhere 
rather rigid, glistening, pale tannish-yellow, 
wa.xy and homogeneous. It measured 16 mm. 
in thickness in the left ventricle and 5 mm. 
in the right ventricle. No scars were seen. 
The muscle gave a positive amyloid stain 
after the topical application of LugoVs solu- 
tion. The valves were grossly normal. The 
coronary arteries were patent throughout 
with rare small atheromatous plaques. The 
aorta was likewise grossly normal with the 
e.xception of a rare and very small athero- 
matous plaque. The venae cavae were nor- 
mal. On histologic examination, the myo- 
cardium showed a uniform picture of a very 
diffuse interstitial infiltration by a pale stain- 
ing material which separated tire myofibers. 
Most of the myofibers were atrophic or de- 
generative and were surrounded by greatly 
thickened sarcolemma sheaths which took a 
bluish stain. Wide bands and nodules of 
amyloid tissue separated the atrophic myo- 
fibers. The coronary vessels showed no his- 
topathological changes. 

The aorta and main pulmonary artery 
showed considerably and uniformly thickened 
walls rich in a homogeneous blue staining 
amyloid material lying between the muscle 
fibers. 

The lungs showed chronic passive conges- 
tion, basal atelectases and a bilateral hydro- 
thorax. The small and large pulmonary 
arteries were moderately thickened and 
exhibited an occasional small intimal plaque. 
A medium sized artery in the left lower lobe 
was incompletely occluded by an adherent 
embolus. The tracheobronchial l)mph nodes 
were anthracotic and succulent. Histologi- 
cally, the lungs exhibited signs of chronic 
passive congestion. There was no amyloid in 
the bronchial lymph nodes. 

The liccr weighed 1640 gm. and showed 
gross and microscopic evidences of chronic 
passive congestion and early cirrhosis. The 
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organ was soft, gave a negative reaction for 
amyloid with Lugol's solution and there was 
no amyloid material noted on histological 
examination. 

The spleen weighed 190 gm., was extremely 
firm, tense and purplish-grey. The sectioned 
surfaces and microscopic examination showed 
chronic passive congestion and an old healed 
infarct at the lower pole. The tissue failed 
to take the Lugol stain for amyloid and no 
amyloid was found on histological examina- 
tion. 

The right kidney weighed 180 gm.; the 
left 220 gm. They were firm, turgid and 
exhibited several irregular old cortical scars 
measuring up to 1 cm. in diameter. The sec- 
tioned surfaces and microscopic examination 
revealed passive congestion but were other- 
wise normal. The tissue failed to take the 
Lugol stain for amyloid. The unnary bladder 
and the prostata gland were essentially normal. 

The pancreas, adrenals and gastro-intestinal 
tract were normal except for congestion. 
Microscopically, the walls of the submucosal 
arteries in the intestines showed amyloid 
infiltrations. 

The bone marrow contained normal bright 
red marrow. There were no myeloma cells 
nor any other abnormality. 

The neck organs xvere not removed. 

Autopsy Dugnosis: Primary amyloidosis of 
the heart, aorta and pulmonary artery; dila- 
tation and hypertrophy of all chambers of the 
heart; mural atrial thrombi; chronic passive 
congestion of the viscera; cardiac cirrhosis of 
the liver; hydrothorax; ascites; anasarca. 

Casc 2 (S.L., Hist.. No. 40742): A 46 year 
old white female machine operator was ad- 
mitted to Montefiore Hospital on June 23, 
1946, and died on July 18. She had had fre- 
quent physical examinations and was always 
well until 4 weeks ago when she dex'eloped 
a watery, non-bloody diarrhea, occurring 
about 15 times a day and associated xx’ith 
abdominal cramps. She recovered in 9 days 
on symptomatic therapy at Beth Israel Hos- 
pital. She returned to work and was free 
from symptoms except for progressive xx'eak- 
ncss and fatiguabilify which caused her to 
cease working several months later. For these 
latter symptoms she receixed several injec- 
tions directed towards correction of an anemia 
as diagnosed by lier local physician. In Janu- 
ary 1916 she was treated at Beth-El Hospital 
for bronchial pneumonia with sulfa drugs and 
penicillin. During tin's illness she dexelojx'd 
an attack of acute epigastric pain xvhich xvas 
diagnosed as biliarx colic and confinned by a 
choice) stogram. In March 1916 she xv.is re- 
admitted to the Bcth-El Hospital for we.ik- 
ncss and tight upper quadrant pain. She also 


complained of recent substernal distress, 
shortness of breath on effort, orthopnea, and 
paroxysmal cough. Examination at that time 
revealed a "somewhat enlarged heart with 
a systolic murmur of the apex", rales at both 
lung bases, especially the left, and a tender 
enlarged liver extending 4 cm. below the 
costal margin. A roentgenogram of the chest 
showed an "enlarged mitral type heart” and 
pulmonary congestion. A gastro-intestinal 
Roentgen-ray senes was negative. A moderate 
hypochromic anemia with normal leukocyte 
and platelet counts were reported. A 3-plus 
cephalin flocculation test, a total protein of 5.9 
gm. % (3. 1/2.8) and normal routine blood 
chemical study were also reported. She was 
discharged with a diagnosis of cardiac de- 
compensation and bilateral bronchopneu- 
monia. Two weeks after discharge from Beth- 
El Hospital she entered the Hospital for 
Joint Diseases in a state of chronic, moder- 
ately advanced congestive heart failure. As 
this did not respond to digitalis, mercurials, 
diet and numerous thoracenteses, she xvas 
transferred to Montefiore Hospital on June 
23, 1946. 

On admission to Montefiore Hospital the 
patient xvas acutely and chronically ill with 
obvious respiratory embarrassment. The 
pupils, ocular fundi, and tongue showed no 
abnormalities. The neck veins xvere distended 
and filled from below. The point of maxi- 
mum cardiac impulse was on the 6th inter- 
costal space outside the mid clavicular line. 
The heart sounds xvere of poor quality. A 
short blowing systolic murmur, a reduplicated 
second sound and a short, early diastolic 
bloxv were audible at the apex. This dias- 
tolic murmur was not audible to all observers. 
P2 xvas accentuated and louder than A2. The 
rhythm xvas regular at 80 per minute. The 
blood pressure xvas 115/70 mm. Hg. A bi- 
lateral hydrothorax was more marked on the 
left. The abdomen xvas moderately distended 
by ascitic fluid and a firm, smooth liver 
xvhich extended to the umbilicus. The spleen 
xvas hard, tender and extended 3 fingers 
beloxv the costal margin. A 2-plus pitting 
edema of the loxvcr limbs and tlie sacrum 
xxxis exident. The neurological examination 
w.xs not remarkable. 

Laboratory findings; Urinal) sis: a faint 
trace of protein, a rare granul.ir c-ist and a 
fexv xvhite blood cells. A complete blood 
count XXXIS nonnal. The hematocrit was 43U-. 
The blood ure.i mlrogon xx.is 17.3 mg. ptr 
100 tax The blood glucose lex el 83 mg. per 
100 cc. The scTuni albumin xxxas 4.7 gm. U; 
the serum globulin 1.5 gm. The blood sedi- 
mentation rale xx.is II nun. in 1 hour. TJie 
coph.dm flocculation test xvas negatixe. The 
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thymol turbidity was 1 unit. The venous 
pressure was 17 cm. of water, rising to 18 
cm. on Kver pressure. The saccharine time 
26 seconds. The Congo red test showed 59% 
removal from the blood in one hour. The 
electrocardiogram showed low T waves and 
signs of digitalis effect. Roentgenograms of 
the chest showed a generally enlarged heart, 
enlarged left atrium and fluid at both lung 
bases. 

The course in the hospital was progress- 
ively downhill in spite of diet, bed rest, o.\y- 
gen, digitalis and mercurials. The patient died 
suddenly on July 18, 1946. The clinical diag- 
nosis was chronic rheumatic heart disease 
with mitral stenosis and insufficiency and 
congestive heart failure. 

Autopsy (No. 10,576 ,performed by Dr. 
Alfred Baer 7 hours post-mortem); The neck 
organs, tongue, laryn.x, thyroid, and parathy- 
roids were grossly normal. On microscopic 
e.xamination, amyloid deposits were found in 
the sarcolemma sheaths of the muscle fibers 
of the tongue, the walls of the small hngual 
blood vessels, the basement membrane of the 
epithelium of the vocal cords of the laryav, 
and in the interstitial connective tissue of the 
thyroid gland. 

The heart weighed 460 gm. The pericardial 
surfaces were everywhere smooth and glisten- 
ing xwth no excess fluid. The myocardium 
measured 14 mm. in thickness in the left 
ventricle and 7 mm. in the right ventricle. 
It was peculiarly firm and was pale tannish 
brown and wa.xy. The mural endocardium 
and the tricuspid, pulmonary and aortic 
valves were smooth and glistening. The mi- 
tral valve was thickened in its distal portion 
and presented a thin ridge of fine pinkish- 
grey nodules along the line of closure. The 
mitral orifice admitted two fingers freelv. 
The chordae tendineae were normal. All 
chambers of the heart were dilated and their 
walls slightly thickened. The coronary osBa 
and arteries were everywhere widely patent 
and thin walled. The aorta was smooth, elas- 
tic and thin walled. On histologic e.xamina- 
tion, large areas of the myocardium of both 
ventricles and atriae were replaced bv masses 
of amyloid material. On cross section, the 
invofibers were frequently surrounded by 
wirie rings of amyloid tissue. The myofibers 
were often fragmented, granular and focally 
atrophic. The endocardium of all chambers 
w.e> extensively infiltrated with amyloid in 
streaked and m;iss form:ifions. The inter- 
tiniscail.ir luteries exhibited amyloid deposits 
in their walls but the larger subeoicardial 
arteries were nonn.il. The mitral vaU'e con- 
tained patches of collagenous fibers lying 
adjacent to numerous amyloid deposits. There 


was no evidence of rheumatic valvulitis. The 
tricuspid and pulmonary valves also showed 
amyloid deposits as did the aorta widiin its 
inthnal coat. 

The lungs were essentially normal except 
for the presence of amyloid deposits in the 
walls of the intra-pulmonary arteries. The 
main pulmonary artery showed similar de- 
posits in the media and intima with com- 
pression atrophy of its muscle fibers. 

The liver weighed 1800 gm., was firm, 
wa.xy, pale brown with a slight pinkish tint 
( Congo red test had been done 1 week pre- 
viously). Histologically, there was marked 
amyloid infiltration xxdth compression atrophy 
of the liver cords. 

The spleen weighed 650 gm., was very 
firm, wa.xy yet friable when cut. Numerous 
pinhead sized foci with some confluence were 
noted on the cut surface. Histologically, 
tliere were extreme amyloid deposits almost 
completely replacing the corpuscles and pulp. 

The pancreas was grossly normal but on 
histologic examination showed amyloid de- 
posits throughout die connective tissue, in 
places compressing the acinar tissue. Amyloid 
was also noted in the blood vessels but the 
ducts were normal. 

The right adrenal weighed 8 gm., the left 
7 gm. They were fairly firm and had a wide, 
bright yellow cortex. Histologically extensive 
amyloid deposits were found in the zona 
fasciculata with resultant compression atrophy 
of the cortical cells. 

The entire gastro-intestinal tract was free 
from gross abnormality but amyloid deposits 
were seen throughout the blood vessels and 
frequently within the mucosal and muscular 
coats. 

The right kidney weighed 150 gm.; the 
left 140 gm. They were soft, flabby and con- 
gested. The urinary bladder exhibited a con- 
gested mucosa. The Fallopian tubes, ovaries 
and corpus uteri were absent. The vagina 
was atrophic. Histologicalh', the renal paren- 
chyma showed no amyloid material but the 
arterioles xvere heavily infiltrated. 

The rectus abdominis muscle was pale but 
otlicrwise normal on gross inspection. Amy- 
loid was absent on histologic examination. 

The brain weighed 1400 gm. The pituitary 
weighed 500 mg. Grossly, there were no ab- 
normalities. .\myloid material was found his- 
tologically in its vessels. 

.A strongly positive Lugol test for amyloid- 
osis was found in the liver, spleen, myo- 
cardium and endocardium. Weakly positive 
tests were noted in the kidney, thyroid, ad- 
renal cortex, pulmonary arteries, aorta, pan- 
creas, breast, mesenteric lymph node, esoph- 
agus, colon, stomach and small intesUnc. A 
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very faintly positive test was found in the 
tongue and striated skeletal muscle. Congo 
red stains were done on all tissue sections 
and the amyloid everywhere failed to take 
the usual salmon pink color. Instead, it ap- 
peared orange and was hard to differentiate 
from the stain of normal tissue. 

Comment The number of cases 
of primary systemic amyloidosis that 
we could find reported is indeed small; 
the correct antemortem diagnosis has 
been made in only 8 of the 46 autop- 
sied cases. Yet a careful study by Ei- 
sen- of the reported cases revealed a 
fairly definite clinical pattern charac- 
terized chiefly by a high incidence of 
congestive heart failure (54%), macro- 
glossia (42%) asthenia (42%) and weight 
loss (31%). It is this picture of con- 
gestive heart failure with or without 
macroglossia which sharply differ- 
entiates the disease clinically from 
the secondary type of amyloidosis. 
Clinical findings and tinctorial char- 
acteristics similar to those of pri- 
mary amyloidosis are found, at times, 
in the amyloid disease associated with 
multiple myeloma, but these may be 
differentiated from the primary type 
by the classic hyperglobulinemia and 
plasma ceil invasion of bone in mul- 
tiple myeloma. 

The 2 cases described above are re- 
ported in order to bring attention to 
this small group of patients presenting 
signs of intractable congestive heart 
failure of imbnown etiology. These pa- 
tients usually show enlarged hearts 
witliout evidences of valvular disease, 
hypertension or coronary s c 1 e r o s i s. 
Electrocardiographic changes are fre- 
quently interpreted as showing myo- 
cardial damage in the form of altered 


T waves, prolonged P-R intervals and 
low voltage. The most characteristic 
clinical feature of this type of heart dis- 
ease is the intractable t^e of conges- 
tive heart failure and a very rapid down- 
hill course in spite of vigorous therapy. 
As Soma Weiss*’ stated, "without a criti- 
cal attitude, one is likely to conclude 
that these patients are suffering from 
the common diseases of the heart and 
aorta”. The clinical diagnosis is difficult 
but may be established by the demon- 
stration of amyloid material with bi- 
zarre tinctorial reaction in biopsies 
from the tongue or other skeletal mus- 
cle, buccal mucosa or skin. The estab- 
lishment of a correct clinical diagnosis 
in such cases could perhaps offer the 
opportunity for the study of various 
therapeutic agents such as crude liver 
extract which has been reported as 
successful, at times, in the therapy of 
secondary amyloidosis.^ Certain strains 
of inbred mice which develop a spon- 
taneous type of amyloidosis^ resem- 
bling in its distribution the primary 
amyloidosis of humans may offer an 
e.xcellent e.xperimental therapeutic ap- 
proach to those interested. 

Summary. Attention is directed to 
the syndrome of intractable congestive 
heart failure produced by the deposi- 
tion of amyloid material in the heart. 
Two cases of this unusual condition 
with autopsy are reported. The hope 
is expressed that a correct antemortem 
diagnosis may be made in similar cases 
by a more critical diagnostic approach 
to those patients witli heart failure who 
present bizarre clinical features which 
do not fit into the common diseases of 
the heart. 
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In the past decade the course and 
prognosis of many of the bacterial dis- 
eases has been greatly altered by the 
application of efficient antibiotic sub- 
stances. Although no specific agents 
are available for the treatment of most 
of the viral infections, the natural his- 
tory of many of them has been great- 
ly changed because of tlie effective- 
ness of chemotherapy in combatting 
the secondary bacterial complications 
which often produced a fatal outcome 
in an otherwise relatively benign dis- 
ease. It is with one of the bacterial 
complications of a common viral dis- 
ease, bronchopneumonia occurring in 
the course of rubeola, that this paper 
concerns itself. 

Measles is one of the commonest of 
the acute infectious diseases which af- 
fects children, and very few individuals 
reach adulthood without having had 
it; Rosenau* estimated that about 5 
million cases occur annually in the 
United States. Although uncompli- 
cated rubeola may produce severe ill- 
ness, it is not dangerous to life unless 
one of three complications develops; 
suppurative otitis media, encephalitis, 
or bronchopneumonia. It is quite dif- 
ficult to obtain accurate information 
concerning the incidence of pneumonia 
in measles because of the inadequacy 
<jf reporting of such pulmonary in- 
volvement in those who are not hos- 
pitalized. This is borne out by the 
fact that a larger number of cases of 
bronchopneumonia is noted in patients 
in tile hospital with nieasles than in 
individuals treated at home. Further- 
(311) 


more, the criteria used in making the 
diagnosis of this pneumonia are often 
questionable, since abnormal physical 
and roentgenologic findings are quite 
common in uncomplicated rubeola. 
Thus, in 3720 cases of measles studied 
at the Willard Parker Hospital, 
bronchopneumonia occurred in 22.6%, 
while in 10,946 patients in New York 
City®, many of whom were treated 
at home, it was present in only 6%. 
The higher incidence for the hospital- 
ized group is, without doubt, influ- 
enced by the fact that many cases of 
measles are referred to a hospital for 
care only after they have developed a 
complication such as pneumonitis. 

The purpose of the investigation de- 
scribed in this paper was to study the 
clinical course of the bronchopneu- 
monia which occurs in rubeola, to 
establish definite diagnostic criteria for 
it, to determine, if possible, the bac- 
terial agents involved, and to examine 
the effects of penicillin treatment. 

Methods. All of the patients were ad- 
mitted to tlie hospital from August, 1946, 
to August, 1947. Complete physical e.xam- 
inations and studies of tlie white blood count 
and urine were carried out at the time of 
entry and at frequent intervals thereafter. 
Cultures of tlie nose and throat were taken 
on admission and, in most cases, repeated 
a number of times during the course of 
treatment. Blood cultures were made if the 
temperature was lOlF or higher rectally. 
Blood-heart infusion-proteose peptone-yeast 
medium was used in all of the bacteriological 
determinations. Roentgenograms of tlie chest 
were made on the day of admission or within 
24 hours after coming to tlie hospital and 
were repeated periodically in many instances. 
Oxygen was administered to many of- the 
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individuals in whom a diagnosis of broncho- 
pneumonia was made. 

Because of the presence of manifesta- 
tions of respiratory tract involvement in 
many cases of measles in which a pulmonary 
eomijlication is not present, the following 
criteria were used in making a diagnosis 
of pneumonia; (1) clinical condition of the 
patient, (2) degree of respiratory difficulty, 
(3) physical findings in the chest, (4) roent- 
genologic abnormalities in the lungs, (5) 
course of the disease, and (6) laboratory 
findings, including peripheral white blood 
count and bacterial flora of the nose, throat 
and blood. The value of each of these fac- 
tors in helping to establish the diagnosis of 
bronchopneumonia is discussed below. 

Therapy consisted of penicillin in most of 
the cases and streptomycin in a few, the 
choice of agent being decided, in most in- 
stances, on the basis of the results of bac- 
tcriologic studies of the nose, throat, and 
blood. Penicillin was given in amounts rang- 
ing from 15,000 to 25,000 units intramus- 
cularly every 3 hours and streptomycin in 
a dose of 0.125 gm. every 3 hours by the 
same route. Treatment was continued until 
the temperature had been normal for 5 
days, since a shorter period of therapy often 
led to relapse of the pulmonary disease. 
Penicillin was e.xhibited to a number of cases 
in whom an acute bacterial infection of the 
lungs was suspected but eventually not 
proved; these are not included in this re- 
port. 

Results. Selection of Cases. The 
patients discussed below were observ- 
ed at the Haynes Memorial Hospital 
between August, 1945, and August 
.1946, a year during which there were 
manv cases of measles in the communi- 
ties served by the hospital. Of the 163 
patients with rubeola who were admit- 
ted during this time, 41 were believed 
by the authors to have pneumonia. 

The differentiation of pneumonia in 
the presence of such a disease as 
measles, which by itself often produces 
inflammation of the respiratorv tract 
(Kohn and Koiransky^), is difficult 
Even with the most thorough studv, 

C* » 

there are instances where it is impos- 
sible to decide whether true pneumonia 
is jiresent or whether the patient has 
only severe, uncomplicated rubeola. 
The withholding of specific antibac- 
terial therapy might fumish clear cut 


evidence of infection of the lung in 
some cases, but such a procedure does 
not appear to be justified when the 
suspicion of severe pulmonary involve- 
ment due to bacteria is strong, though 
not completely proved, particularly in 
young children in whom this disease 
has a high mortality rate. Because of 
this difficulty in diagnosis, one or two 
cases of severe uncomplicated rubeola 
may have been included and some in- 
stances of true pneumonia omitted from 
this study. 

In selecting cases which were 
thought to have pneumonia, consider- 
ation was given to the clinical and 
laboratory criteria enumerated abo\'e. 
Clear cut Roentgen-ray evidence of 
pneumonia was present in 21 cases. 
Three patients had no roentgenograph- 
ic e.xaminations. The diagnosis of 
pneumonia in these cases was made 
for tlie following reasons: one had cy- 
anosis, leukocytosis of 40 000, many 
fine crackling rales ov'cr both lung 
fields, and dullness to percussion and 
bronchial breathing over the right lung 
base; another showed severe respira- 
tory difficulty, manv rales, and a white 
blood count of 40,000 on admission to 
the hospital; the third revealed dif- 
fuse rales over both sides of the chest, 
marked respiratory difficulty, and, al- 
tliough the leukocyte count in the peri- 
pheral blood was normal, had had a 
secondary rise in temperature and ap- 
peared severely ill at a time when the 
rash of measles was fading. 

In 17 patients who showed Roent- 
gen-ray changes in the lungs consistent 
with either uncomplicated rubeola or 
bronchopneumonia, the diagnosis of 
pneumonia was made on the basis of 
the presence of respirator)’ difficulty 
accompanied by one or more of the 
following: cyanosis, marked tachy- 

pnea, dyspnea, leukocytosis, fever, or 
abnormal physical findings in the lungs 
at a time when the mucocutaneous 
manifestation of measles were subsid- 
ing. In 3 cases witliout incrciiscd 



316 


’S^'^EINSTEIN, FRAXKLIN: PNEIIMONLIl OF MEASLES 


white blood counts, cyanosis, or sec- 
ondary rise in temperature, the sever- 
ity of the respiratory distress was mark- 
ed enough to warrant a diagnosis of 
pneumonia; it is possible, however, 
that these were merely cases of severe 
uncomplicated measles. 

Incidence of Pneumonia. There 
were 41 cases of “proved” pneumonia 
in 163 instances of measles, an inci- 
dence of 25.1%. This is, without doubt, 
not the true rate of occurrence of pneu- 
monitis in rubeola because, as has been 
pointed out above, hospitalized pa- 
tients are highly selected and are often 
admitted only after they have devel- 
oped a complication of the primary 
viral infection. Many individuals with 


Sex DisTaiBimoN. There were 76 
males and 87 females with measles; 
21 of the males and 23 of the females 
had pneumonia. This slight difference 
in the incidence of pulmonary involve- 
ment during rubeola in this group is 
not significant. 

Age Incidence. The ages of all of the 
patients with uncomplicated measles 
and those who developed infection of 
the lungs is shown in Fig. 1. The bulk 
of the pneumonias occurred in children 
5 years of age or under, and there was 
none in the group 10 or more years old. 
These findings substantiate the well- 
known observation that pulmonary 
complications during rubeola are com- 
mon in young children but are rare in 
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Pneumonia 


Fig. l.-“Frt<iucncy of measles And measles-pneumoma according to age. 


mild measles are seen at an infectious 
disease hospital during an epidemic 
period, however, because of the neces- 
sity of quarantining those who come 
from boarding schools, colleges, etc., 
purely as a public health measure. 
These cases can only counteract, but 
not cancel, the tendency for patients 
who are sent to the hospital to be more 
severely ill than those in the commun- 
ity at large. The incidence of pneu- 
monia in our cases (25%) was substan- 
tially the same as that noted at the 
W (Hard Parker Hospital (22.6%) some 
)cars ago. 


adolescents and adults. The number of 
cases of measles over the age of 15 in 
this series is probably greater than in 
the population at large, because, al- 
though many had mild illnesses, they 
had to be quarantined in a hospital 
because they came from schools, or- 
phanages, and other institutions where 
proper isolation could not be carried 
out. Thus, the older patients in this 
group had rubeola that was generally 
milder than the average in the epi- 
demic, whereas the younger ones rep- 
resented some of the most severe cases. 
Rosenau”' stated that 50% of ineasle.s 
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occurs under 5, and 97% before 15 
years; in the present series, the inci- 
dence was 40 and 86% respectively for 
these two age groups. 

Seasonal Incidence. No cases of 
rubeola were admitted to the hospital 
in September, October, or November, 
1945. The incidence of the disease rose 
gradually to a peak in April, remained 
elevated in May and June, and fell 
during the summer months. The num- 
ber of patients who developed pneu- 
monia was highest in March and April 
at the height of the epidemic (Fig. 
2). This may have been due either to 
increased severity of the measles itself 
or to the greater prevalence of upper 
respiratory disease at this season of the 
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patients (14.4%) had had pneumonia 
from 1 to 3 times prior to developing 
pulmonary complications during the 
course of measles. These children, 
ranged in age from 14 months to 7 
years, had first experienced a severe 
pulmonary infection from birth to the 
age of 2, and 3 of them had congenital 
defects; eventration of the diaphragm, 
spastic paralysis, and mongolism with 
congenital heart disease. 

Time of Onset of Pneumonlv. The 
relationship between the probable time 
of development of pneumonia to the 
onset of the rash of measles is shown 
in Fig. 3. Half of the cases in which 
the rubeola could be dated accurately 
showed evidence of pneumonitis early 
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year; March and April are the months 
of peak incidence of scarlet fever in 
"iVlassachusetts. 

Predisposing Factors, Underlying 
disease of a serious nature was common 
in the patients who developed pneu- 
monia during the course of measles. 
Two individuals were mongolian idiots 
with clinically evident congenital heart 
disease. One case showed a spastic 
paralysis as the result of a birth injury', 
2 had “lipoid” nephrosis, 3 manifested 
severe anemia, and 1 had eventration 
of the diapliragm and severe obesit}'. 

A history' of frequent severe respira- 
tory tract disease was common. Si.v 


in the eruptive stage. In 7, the pul- 
monary complication occurred only 
after the e.xanthem was fading and in a 
few, it had already disappeared. Five 
patients had lung involvement before 
the eruption appeared, 3 during the 
prodrome, and 2 in the incubation pe- 
riod. The relationship of the measles 
to the cases of pneumonia which oc- 
curred in the incubation period and 
the one that came on 15 days after the 
onset of rash may be somewhat ques- 
tionable. 

Physical Findings. Tire physical find- 
ings (other than those in tlie skin) in 
patients with pneumonia during rube- 
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ola are presented in Table 1. One child 
showed no abnormalities in the lungs 
by physical examination. Rales, which 
constituted the change found most 
often in those with complicating disease 
of the lungs, were present also with 
great frequency in uncomplicated 
measles. Dullness to percussion over 
various parts of the chest was present 
in 61% of the cases. Although this sign 
appeared, at first, to be of great help in 
making the diagnosis of pneumonia, its 
usefulness was somewhat impaired by 
the fact that it was discovered fre- 
quently when no pulmonary involve- 
ment was present; in addition, the loca- 
tion of the dullness was often on the 
side opposite to the one in which in- 


about half the cases and were found 
only very rarely in uncomplicated 
measles. Cyanosis, which occurred in 
15% of the patients studied, always in- 
dicated the presence of pneumonia. 

Temperature. Fever, ranging from 
100.8 to 106F (rectally), with a median 
of 103.2 F, was present in all of the 
patients at the onset of the pneumonia. 
In general, the temperature tended to 
be higher in cases of measles with a 
pulmonary complication than in those 
without one, but this finding was of no 
aid in establishing the diagnosis of 
pneumonitis in an individual instance. 
Of considerably greater importance was 
a secondary rise in temperature after 
varying degrees of defervescence in die 
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DAT OF ONSET OF 
PNEUMONIA 

Fic- 3. —Relation between probable time of on5et of pneumonia wiUi reference to time of onset of measles. 


filtration of the lung parenchyma was 
demonstrable in the roentgenogram. 
Bronchovesicular, bronchial and coarse 
breath sounds were found less con- 
stantly and were not reliable indicators 
of the presence of pneumonia. On the 
whole, physical examination of the 
lungs in these patients yielded little in- 
formation that was useful in making an 
absolute diagnosis. The presence of a 
large area of consolidation or a pleural 
eifusion was a much better indication 
of pneumonitis. Severe dyspnea, flar- 
ing of the alae nasi, marked tachypnea, 
grunting, and retraction of various por- 
tions of the chest wall were present in 


normal course of the rubeola had oc- 
curred. 

RoE.vrcExoGKAPHic FiNDi.vGS. At least 
one Roentgen-ray examination of the 
chest was made in all but 3 of the pa- 
tients; in Table 2 are summarized the 
Roentgen-ray findings in the other 38 
cases. In almost half the group the only 
abnormality was hilar and peribronchial 
infiltration. In 13 instances this was 
interpreted by the roentgenologist as 
indicative of bronchopneumonia, while 
in 4 it was thought to be consistent with 
acute respiratory infection without pul- 
monary parenchymal involvement. The 
diagnosis of pneumonia was most dif- 



WEINSTEIN, FR.VNKLIN: PNEU.MONLV OF ilEASLES 


319 


ficult to establish without question in 
those who exhibited only this type of 
roentgenographic change. Kohn and 
Koiransky'-^-'^ observed similar altera- 
tions in the lungs in 40 to 60% of un- 
complicated measles. About 60% of 
these occuiTed before or during the 
height of the eruption; infiltration was 
often present in clinically mild cases, 


Table 1 

Abnoiimal PiiysiCAL Flvdlncs on 41 
Patients with Pneumonia .vnd Measles 


Physical Finding 

No. Cases 

% 

Rales 

35 

85 

Altered Breath Sounds 

22 

54 

Dullness to percussion 

25 

61 

Dyspnea 

21 

51 

Cyanosis 

6 

15 

Fluid (Pleural) 

3 

7 

Distention (Abdominal) 

2 

5 


but was less common in patients less 
than 1 year of age, and quite unusual 
in those who had modified rubeola as 
the result of the administration of im- 
mune serum. Six to 10 months later, 
about 1/3 of the cases revealed pleural 
thickening; few other residua except 
occasional localized accentuation of the 
pulmonary markings were found. The 
demonsti'ation of pulmonary infiltration 
by Roentgen-ray examination, there- 
fore, did not make tlie diagnosis of 
pneumonia, nor did its absence rule it 
out. Demonstration of patchy or mot- 
tled infiltration, and, or, localized areas 
of increased density, by Roentgen ray 
was of much greater help in establish- 
ing tlie likelihood of pneumonia. Ab- 
normalities of this type occurred in 21 
of the cases in our series. There was a 
marked tendency for these to be present 
on the right side; 3 were in the right 
upper, 2 in the right middle, and 1 in 
the right lower lobe; in one instance 
the exact position of the changes in the 
right lung was not specified. In only 
one patient was the area of density 
found in the left lung: lower lobe. 
Pleural effusion was demonstrated in 
onlv 3 individuals; in 2 it was on the 
right and in 1 on the left side. 

PEniPHEH.vE White Blood Count. 
White blood counts made at the time 
of admission to the hospital and at fre- 


quent intervals thereafter were normal 
or moderately decreased, with a rise in 
the number of moiionuclear ceils, in 
uncomplicated measles. The number of 
leukocytes present on admission or at 
the onset of pneumonia, and the maxi- 
mum count during the course of the 
pulmonary disease are presented in 
■pable 3, A rise in the neutrophilic 
granulocytes in the early stages of tlie 
pneumonitis was followed by an in- 
crease in the mononuclear cells during 
convalescence. The total peripheral 
white blood cell count was elevated in 
25 and normal or depressed in 16 pa- 
tients at the time of admission to the 
hospital or at the onset of infection of 
the lungs. Rubeola tends to depress 
the number of leukocytes, whereas 
pneumonia, particularly that produced 
by bacteria, elevates it. In a number of 

Table 2 

RoENTCENOciiAPinc Flndincs in Lu.vos oe 41 
Patients with Measles .vnu Pneumonlv 


Type of Change 

.No. 

Cc 

1. Hilar and peribronchial 



infiltration only 

17 

45 

2. Patchy infiltration 

6 

16 

3. Gencr.ilizcd mottled infiltration 

4 

10 

4. Localized densities with 



or without 1, 2, or 3. 

11 

29 

5. Density in right upper lobe 

3 


6. Density in right middle lobe 

O 


7. Density in right lower lobe 

1 


8. Density in right lung lobe not 



specified 

1 


9. Effusion— right pleural cavity 

o 


10. Effusion— left pleural cavity 

1 



the cases reported here, normal counts 
were replaced by high ones as soon as 
pulmonary complications developed. 
Although some of the admission counts 
listed in Table 3 were not increased, a 
much better indicator of the true course 
of events was obtained from a study of 
the ma.ximum number of white blood 
cells present during the course of the 
disease. A single estimation of the white 
count is not of great significance in es- 
tablishing a diagnosis of pneumonia; 
repeated determinations, particularly if 
a significant elevation occurs and is ac- 
companied by suggestive physical and 
roentgenographic abnormalities, are of 
much greater help. 
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Bacteriological Studies. Cultures of 
the nose and throat were made on all 
patients with measles, without regard 
to the presence of a pulmonary com- 
plication. In many of the cases of pneu- 
monia, bacteriologic e.xamination of the 
upper respiratory tract was performed 
at frequent intervals during die entire 
course of the disease. The sputum 

Table 3 

White Blood Counts in 41 Patients wits 
Pneumonia and Measles 

Ko. of Patients 


Total WBC 

On Admission 

Moxinium 

Less than 5,000 

4 



5,000 - 7,900 

4 

1 

8,000 - 10,900 

8 

6 

11,000 - 13,900 

5 

6 

14,000 - 10,900 

8 

10 

17,000 - 20,900 

4 

5 

21,000 - 25,900 

3 

4 

Greater than 26,000 

5 

10 

Median WBC 

13,700 

16,300 


could not be studied because most of 
die individuals were young children. 
Blood cultures were carried out in 21 
instances, being repeated several times 
in some cases. The bacteriological data 
are summarized in Table 4; die organ- 
isms are listed without reladon to pre- 
dominance or the number of times they 
were present in a single individual. De- 
spite the proved increase in susceptibil- 
ity to infection with the beta hemolytic 
Streptococcus in measles, this organism 
was present in only 7 patients. The 
commonest bacteria recovered were 
alpha hemolytic streptococci and 
non-hemolytic Staphylococcus aureus. 
IVhedier these organisms which are es- 
sentially non-pathogenic played a role 
in the production of die pneumonia in 
the individuals in whom they were pre- 
sent is difficult to determine. Hemolytic 
Staphylococcus aureus was found in 
about 25% of the cases. This agent was 
undoubtedly of great importance since 
it is known to be a relatively common 
cause of bronchopneumonia in infants 
and young children. One of the patients 
h.ul empyema and another developed 
bacteremia due to hemolytic Staphy- 
lococcwi aureus. Anodier organism 
which was of unquestionable impor- 


tance was Hemophilus influenzae. It 
was found in 25% of die cases of pneu- 
monitis and produced bacteremia in 
one individual; this child failed to re- 
spond to the administration of peni- 
cillin but recovered rapidly after treat- 
ment with streptomycin. The other bac- 
teria listed in the table are normal in- 
habitants of the nose and throat and 
probably played no role in the produc- 
tion of the pulmonary complications. 

Treatment. All of the cases were 
given penicillin as soon as evidence of 
pneumonia was detected, without wait- 
ing for the establishment of an etiologi- 
cal diagnosis. As a result of the diffi- 
culty in determining definitely the pres- 
ence of infection of the lungs, about 
60% more patients were treated than 
were finally considered to have this 
complication. The severity of the symp- 
toms, the high fatality rate of untreated 
pneumonia in rubeola, and the non- 
toxicity of penicillin seemed to justify 
the use of the drug in cases in which 
the suspicion of pulmonary involvement 
was strong but a definite diagnosis 
could not be established promptly. The 
amounts of penicillin used are discuss- 

Table 4 

Results of Bacteiuolocic Studies op Nose a.nj) 
TinvoAT m 41 Tatients wmi 
Pneumonia and ^^EASL£S 


Ori;anism No. of Cases in Which It Was Found 




Site ol Culture 



Nose 

Thioat 

Blood 

Streptococci 




Alpha hemolytic 

10 

13 


Beta hemolytic 

1 

7 


Non-hemolytic 

4 

6 


Staph. aurcti3 




Hemolytic 

10 

9 

1 

Non-hemolytic 

16 

20 


H. Influenzae 

8 

11 

1 

Diphtheroids 

6 

7 


Micrococcus 

1 

4 


B. subtilis 

1 



P. \’ulgaris 

1 



E. CoU 

1 

1 


N. Catanbalis 

1 

1 



ed under Methods; data concerning the 
total dose of the drug as well as the 
varying periods over which it was given 
are presented in Table 5. The response 
to penicillin administration was rapid 
in most patients, with early deferve- 
scence and rapid clearing of the abnor- 
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mal physical findings in the lungs. Fifty 
per cent of the children had a normal 
temperature after 48 hours of therapy 
and only 20% were febrile after 72 
hours; fever had disappeared in all in- 
stances on the 6th day following insti- 
tution of treatment (Table 6) except 
in several of those who had complica- 
tions of the pneumonia. One patient 

Table 5 

Dose and Duhation of Theatment with 
Penicillin in 41 Patients with 
Pneumonia .vnd Measles 
Days No. of Cases Total dose— Units No. of Cases 

XIOOO 


4 

2 

400 - 

599 

2 

5 

8 

600 - 

799 

10 

6 

5 

800 - 

999 

6 

7 

3 

1000 - 

1199 

7 

8 

3 

1200 - 

1399 

4 

9 

6 

1400 - 

1599 

2 

10 

3 

1600 - 

1799 

2 

11 - 13 

7 

1800 - 

1999 

1 

16 - 20 

300 

2000 - 

2199 

3 

20 

1 

2200 - 

2399 

2 




2400 

2 


had a secondary-rise in temperature ac- 
companied by an increase in severity of 
the physical changes in the lungs while 
receiving penicillin; he was found to 
have developed a pneumonitis due to 
H. influenzae, type B., probably as a 
result of a change in the bacterial flora 
of tlie nose and throat due to the use of 
penicillin. Treatment with streptomycin 
produced a rapid, complete recovery. 
This case has already been described 
elsewhere in detail (Weinstein®) and 
will not be discussed again here. The 
patient with Staphylococcus aureus 
pneumonia and empyema was given 
penicillin both intramuscularly and into 
the affected pleural cavity (25,000 units 
every 24 hours). There were no deatlis 
in the entire group of complicated or 
uncomplicated pneumonias. 

Complications of Pneumonia. Com- 
plications of the lung involvement in 
measles occurred in 3 cases. Two pa- 
tients had bacteremia, one with Staph, 
aureus and the other with H. influenzae; 
the latter was the same one who devel- 
oped influenza bacillus pneumonia 
while being treated with penicillin. 
Pleural eifusion was present in 2 in- 


stances; in one tliere was an empyema 
due to Staph, aureus and in the other 
the fluid in tlie chest was sterile. Roent- 
genographic study of the cardiac sil- 
houette of one child showed findings 
consistent with an effusion into the peri- 
cardial sac; the enlargement of the 
heart shadow decreased gradually. 
Since the pericardial fluid was not as- 
pirated, it was impossible to ascertain 
whetlier it was sterile or contained bac- 
teria. Parenteral penicillin alone, with- 
out instillation of tlie drug into the peri- 
cardial sac, produced a complete cure. 
The Hemophilus influenzae pneumonia 
which developed as a complication of a 
lung infection due to some other agent 
has already been mentioned. 

Discussion. The virus of measles 
produces a variable degree of respira- 
tory involvement in most cases. Roent- 
gen-ray studies indicate a high inci- 
dence of pulmonary infiltration even in 
mild instances of rubeola. Non-produc- 
tive cough is one of the most constant 
clinical features of the disease. Patliolo- 
gic e.xamination of the lungs of those in 
whom deatli has occurred during the 
course of a non-bacterial pneumonitis 
complicating measles has revealed mo- 


T.iule 6 


Effect or Penicillin Tue.vtment on Tempeha- 
TUIIE I.N 41 P.VTIE.NTS WITH PnEU.MO.VIA 
.vND Measles 

Tciiipcr.'ilure Days of Treatment .and No. of Cases 


0 

106 or over 2 

103 — 105.8 5 

104 - loi.s a 

103 - 103.S 9 

102 - 102.8 10 

101 - 101.8 5 

100 - 100.8 1 

100 


1 2 3 4 5 6 

2 1 1 
2 1111 

9 0 111 

6 3-12 

a 8 8 4 .3 

9 7 9 7 4 3 

4 15 2 3 26 32 36 


nonuclear exudate, giant cells (.Algana 
and Warthin-Finkeldey types), nuclear 
inclusions in tlie tracheal, bronchial and 
alveolar epithelium, and ulceration of 
the surface of \arious parts of the res- 
piraton' tract due to necrosis of the 
epithelial cells. 

Bacteria are of unquestionable im- 
portance in the production of pneu- 
monia in many cases of measles as is 
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shown by the development of empyema 
and/or bacteremia due to Staph, aureus. 
Strep, pyogenes, or H. influenzae. The 
increased susceptibility of individuals 
ill with rubeola to infection with the 
beta-hemolytic Streptococcus is too well 
known to require further comment; in 
some epidemics, for example the one 
that occurred in Army camps in 1918, 
there may be a high incidence of strept- 
ococcal pneumonia with empyema. The 
role of other less pathogenic organisms 
in this (ype of pneumonitis is not so 
well understood but Strep, viridans and 
non-hemolytic Staphylococci have been 
found in the lungs in fatal cases. The 
part played by bacteria in the produc- 
tion of pneumonia in a particular case 
of rubeola is difficult to evaluate, even 
when highly pathogenic organisms are 
recovered from the nose and throat; 
they may be present as a result of otitis 
media, sinusitis, or pharyngitis or may 
only be normal inhabitants in these 
sites, as is the situation in healthy car- 
riers. Exact bacteriological correlation 
is impossible in most instances because 
of the inability to obtain sputum in 
young children; tracheal cultures and 
puncture of the lung are not practical 
enough for wide application. The pneu- 
monitis which occurs in measles may 
be due to the virus itself or to second- 
ary infection with bacteria. The rela- 
tive role of each of these agents varies 
from one case to another and is difB- 
cult to evaluate in any particular in- 
stance unless certain findings are pres- 
ent. A high white blood count with re- 
lative increase in the percentage of 
polymorphonuclear leukocytes, favor- 
able response to penicillin treatment, 
bacteremia, or the development of a 
complication such as empyema, peri- 
carditis or bronchiectasis are highly 
suggestive of bacterial invasion rather 
than pure viral infection. 

Since a varv’ing degree of respira- 
tory tract involvement is present with 
great fre(|uency in uncomplicated mea- 
sles, the diagnosis of pneumonia is diffi- 


cult to establish definitely in some 
cases. The application of the following 
criteria is helpful in reaching a decision 
concerning the presence or absence of 
a pulmonary complication; (1) the 
general chnical condition of the patient, 

(2) the degree of respiratory difficulty, 

(3) the chest signs, (4) roentgenograms 
of the chest, (5) clinical course of the 
disease, (6) peripheral white blood 
count, and (7) bacteriologic studies of 
the nose, throat, sputum, and blood. 

The clinical condition of the patient 
and the degree of respiratory difficulty 
are of much greater value than the 
physical findings over the lungs in mak- 
ing a diagnosis of pneumonia in rube- 
ola. Roentgenograms are diagnostic in a 
little over half of the cases. In instances 
where physical and Roentgen-ray ex- 
amination of the chest are of little help, 
the clinical course of the disease, the 
peripheral white blood count and bac- 
teriologic studies are often the deciding 
factors. A secondary rise in fever late 
in the eruptive stage or failure of the 
fever to decrease with subsidence of 
the rash, particularly when accompan- 
ied by significant physical and xoent- 
genographic findings, makes more cer- 
tain the possibility of pneumonia. In- 
crease in severity of the cough, spread 
of the physical abnormalities in the 
lungs, or a peripheral white blood 
count greater than 10,000 with a shift 
to the left are highly suggestive. The 
isolation of pathogenic bacteria in large 
numbers from the nose and throat may 
also be of aid. When this is the case, 
however, there is usually other very 
good evidence of a pulmonary compli- 
cation; a positive blood culture has 
much greater significance. 

The favorable results obtained in the 
treatment of the cases of pneumonia 
reported here with penicillin are very 
striking. There were no deaths in spite 
of the severity of the disease in some 
of the patients. There were only 2 in- 
dividuals who failed to respond to the 
usual doses of penicillin: one case of 
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empyema which was present before 
any therapy was given and another of 
H. influenzae pneumonia and bacter- 
emia which occurred during therapy; 
both of these recovered with the ex- 
hibition of other forms of treatment. 
These results are in marked contrast to 
those obtained at the Willard Parker 
HospitaP and the Kingston Avenue 
Plospital- where the mortality rates 
were 63 and 14.9% respectively in un- 
treated cases of pneumonia complica- 
tion measles. In the cases of broncho- 
pneumonia and rubeola treated by 
Swyer,''^ the incidence of fatalities was 
10.3% in those given sulfapyridine and 
21% in those not treated. Gibel and 
Litvak- administered sulfathiazole to 53 
individuals with the same disease and 
reduced the deaths to 1.8%. 

It is possible that the excellent thera- 
peutic effects obtained in the group 
described in this paper are due to the 
inclusion of cases with either no true 
pulmonary complication or with only 
very mild pneumonitis. A serious effort 
was made, however, to apply strictly 
the criteria discussed above but, even 
with this, a number of patients were 
treated who, in retrospect, were finally 
not thought to have the disease; these 
are not included in the present report. 
Comparison of the incidence of pneu- 
monia in our series, (25.1%), with those 
of the investigators cited above (22.6% 
at the Willard Parker Hospital, 7% at 
the Kingston Avenue Plospital and 
13.3% in Swyer’s group) is impossible 
because the diagnostic criteria used by 
them are not described. 

Despite a possible variation in the 
criteria used for diagnosis, the results 
of penicillin treatment were so favor- 
able as to leave little doubt that it is 
the agent of choice in the treatment of 
patients with measles who develop 
pneumonia. Since the response to this 
antibiotic agent was so striking in the 
vast majorit}' of cases, 2 assumptions 
can be made; ( 1 ) a yen’ large number 
of the pneumonias that occur in rubeola 


are either due directly to bacterial in- 
fection or are the result of secondary 
invasion of the lungs by these organ- 
isms; (2) most instances of this type of 
pulmonary involvement are due to 
Gram-positive bacteria since these are 
the ones most susceptible to penicillin. 
The bacteriologic studies of the nose 
and throat supported this conclusion. 

The diagnosis of the pneumonia that 
complieates measles is difficult to es- 
tablish with certainty but every effort 
should be made to evaluate each pa- 
tient as accurately as possible by the 
application of the criteria enumerated 
above. In instances where a decision 
cannot be reached, the patient is ser- 
iously ill, and the suspicion of a pul- 
monary complication is strong, peni- 
cillin should not be withheld, because 
delay may result in a fatality. On the 
other hand, the antibiotic should not be 
used indiscriminately since its use may 
cause sensitization unnecessarily or, as 
Weinstein® has pointed out, may lead 
to new pulmonary infections produced 
by agents insensitive to its action; this 
is particularly true in individuals suf- 
fering from an underlying acute or 
chronic pulmonary disease. The case of 
H. influenzae pneumonitis and bac- 
teremia described above is an e.xample 
of this phenomenon. 

Summary and Conclusions. 1. Pneu- 
monia was found in 25% of 163 cases of 
measles. 

2. Pulmonary complications appear- 
ed to be more common in children 
under the age of 5 than in older indivi- 
duals. 

3. Of the patients studied 50% devel- 
oped the bronchopneumonia in the 
early stages of the eruptive phase of 
rubeola. 

4. The definitive diagnosis of serious 
pulmonary involvement in measles was 
difficult because of the frequency with 
which the uncomplicated exanthem is 
accompanied by physical and roentgen- 
ographic abnormalities in the lungs. 
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5. The application of certain clinical 
and laboratory criteria was of help in 
establishing the diagnosis of pneu- 
monia. 

6. Most of the serious bronchopneu- 
monias wliich occurred in the course of 


rubeola appeared to be due to Gram- 
positive bacteria. 

7. Penicillin appears to be tlie agent 
of choice in the treatment of pneumonia 
in measles; of a group of 40 patients 
treated with this drug there was not a 
single fatality. 
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HOME ACCIDENTS AS A COMMUNITY HEALTFI PROBLEM 
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When physicians long ago e.Ytended 
their interests from the care of the sick 
and injured to include prevention as a 
coordinate activity, the emphasis ac- 
corded that concern developed a pecu- 
liar imbalance. Prevention evolved as a 
matter almost wholly related to disease, 
at first concerned with the communi- 
cable diseases, but solidly and progres- 
sively advancing to include most of the 
affairs of the sick. The injured have re- 
ceived much less attention, perhaps be- 
cause the approach to prevention is less 
well defined, and partly because acci- 
dents and injuries are too commonly 
regarded as unavoidable, as matters of 
chance to be endured and patched up 
but scarcely to be prevented. That atti- 
tude is not far removed from the be- 
liefs about disease that were held some 
centuries ago. 

The \ ie\v gradually gains acceptance 
that traumatic injuries are pre\’entable. 
and to a greater e.\tent than many of 
the diseases having active programs of 


control. Neither disease nor injury is to 
be understood as an evil, a misfortune, 
bad luck or a mistake of nature, but as 
the result of a broad biologic law, an 
e.xpression of life. The answers to why 
and how accidents have come to be 
what they are, to behave as they do and 
to occur in the places they are found, 
are to be sought in the mass pathology 
of traumatic injuries as evidenced by 
modern communities, in other words in 
the epidemiology of accidents.-^*^ 

As so often happens with public 
health problems, the first attention to 
accidents as a community' responsibility’ 
centered on the unusual and dramatic 
misfortunes that affect appreciable 
groups of peo?)le. The catastrophes as- 
sociated w'ith hurricanes, floods and fire 
led to establishment of a national or- 
ganization for disaster relief bv the 
American Red Cross,^^ the first oper- 
ation having been in the Michigan for- 
est fires of JS,S1. .Again so h'picaliy, the 
original purpose was not prevention but 

( 325 ) 
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to afford relief to the victims of these 
cataclysms. Poisonings of children by 
lye-^ and the traumatic injuries once so 
much a part of celebrations of Amer- 
ican Independence Day-®--*^ were na- 
tural and early interests of medical 
organizations. Here the concept of pre- 
vention was sharply and forcefully 
introduced. 

As motor cars progressively sup- 
planted horses, a new factor was intro- 
duced into the causation of accidents 
and fast came to rank ahead of most 
others. The Federal Government took 
an early interest in the matter through 
the National Conference on Street and 
Highway Safety, called by Secretary of 
Commerce Hoover in 1924. The Na- 
tional Safety CounciF joined in this 
through their newly organized Public 
Safety section. When the frequency of 
these events reached an all time high in 
1936, along with accidents in general, 
medical organizations joined with oth- 
ers already active to study the situation 
and to make recommendations. A spe- 
cial committee of the American Medical 
Association reported in 1939.-’’ The up- 
ward surge in numbers of traffic deaths 
in 1946, following the removal of war- 
time restrictions on motor travel, caused 
a renewal of Go%"emment interest and 
the appointment of the President’s 
Highwav Safetv Conference.^’ What 
has been accomplished bv government 
and voluntary agencies has led to im- 
provement, hut is far from a satisfac- 
tory solution of the problem.-®* 

This worth while concern with spec- 
tacular and pressing events had by no 
means left the ordinarv' affairs unat- 
tended, i.C; that large bulk of accidents 
in the home and at work which consti- 
tute the princinal cost in accidental 
deaths and disabilitv’. Over the vears, 
.\nierican indnstrs''-*-”’ -"’’ has gisen so 
much emphasis to accident prevention®^ 
.is to engeuder a common opinion that 
the field is largely limited to occupa- 
tiuii.d injuries. This comes about, not 
Ix-causc industry contributes the most 


accidents, but because it has done the 
most about them.®'^ 

The appreciation that official pubhc 
health agencies had a responsibility in 
accident prevention was a matter of 
slower evolution. Leadership came first 
from welfare, pohce and other local 
governmental authority, from industry, 
from voluntary agencies such as the 
National Safety CounciP®‘= and the 
Metropohtan Life Insurance Com- 
pany,^® and through various agencies of 
the national government.®®’’ The pio- 
neer public health interest in accidents 
was originally not far from a one man 
crusade by Earle Brown^® in Kansas 
and later in Nassau County, New York. 
The interest spread. When the Associa- 
tion for State and Territorial Health 
Authorities met®® in 1941, the principal 
attention was to motor accidents but 
much time was devoted to home and 
other forms of accidental injury that 
occur in the normal course of life under 
peace-time conditions. The American 
Public Health Association®’’ has since 
1942 stressed home accidents as a pub- 
lic health problem. Increasing numbers 
of state and city health departments 
have organized divisions for accident 
control, of which those now e.\'isting in 
Kansas,®® in New York state®® and as 
proposed for Massachusetts’® are good 
e.xamples. A stocktaking of accomplish- 
ment and an evaluation of the current 
situation can be undertaken to advan- 
tage. Accordingly, the accidents of ci- 
vilian populations are here first defined 
and e.xamined as a community health 
problem. Home accidents are then pre- 
sented as the particular concern of 
medicine and public health. 

Accidents Deki.ned. An accident is 
universally understood to be a chance 
event, developing without foresight or 
e.xpectation, and resulting in injury, or 
loss. This broad interpretation must be 
brought within narrower limits when 
accidents are considered as a health 
problem of groups of people, for evi- 
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dently the episode may relate to a 
person or a thing, to an injury or a 
material loss, and may be serious or 
slight. The first restriction is thus to 
accidents of sudden traumatic origin 
that result in physical injury to the 
person. 

A number of practical considerations 
enter into the limitations to be placed 
on the seriousness of the effect that 
follows. To confine attention to fatal 
accidents is to neglect the losses of time 
and efficiency^'’’ that come from tempo- 
rary disability and permanent physical 
defect. Economically and socially, diese 
are often more important than death. 
To account for all of the minor disabil- 
ities resulting from inconsequential 
mishaps is to dissipate effort needlessly, 
and to divert emphasis from really im- 
portant matters. Disabling accidents 
are tlie significant consideration. 

The American National Health Sur- 
vey of loss’*- interpreted a disabling 
accident as any sudden bodily injury 
that resulted either in disability lasting 
one week or more, in admission to hos- 
pital irrespective of time, or in death. 
The National Safety Council con- 
siders an accident to be disabling if the 
effect is prolonged past the day of oc- 
currence, Where concurrent recording 
is followed the period of t\vo or more 
days disability is a practical and work- 
able criterion. For survey purposes, 
where information is collected retro- 
spectively about events within the pre- 
ceding year, accuracy requires that tlie 
period of disability be sufficiently great 
to be well remembered, hence one 
week. Each period is individually suited 
to tlie purposes to which it is ]3ut, but 
a clear definition is necessary if logical 
comparisons are to be made. 

The stated interpretation of a disab- 
ling accident is evidently far broader 
and more inclusi\ e than the commonly 
held opinion which limits accidents of 
community concern to catastrophes, 
where 5 or more deaths follow a single 
misadventure, or to what are statistic- 


ally classed as cataclysms. A great vari- 
ety of wholly ordinary affairs of life 
comes into consideration, and it re- 
mains so to arrange them in an orderly 
classification as to permit satisfactory 
comparison of the experiences of one 
community with those of another. 

A Classification of Accidents. The 
classical procedure for the separation of 
diseases as they affect individuals is 
according to the parts of the body pri- 
marily affected. The same principle is 
applied with equal ease to the mass dis- 
eases of communities, where disease in 
such geographical units of population 
as rural, urban, farm or suburban, 
forms tlie counterpart of involvement 
of the respiratory tract, the circulatory 
system or other of the great anatomic 
divisions of the body in the individual 
person. Specifically, so far as accidents 
are concerned, the accepted procedure 
is first to distinguish those mishaps 
which occur in peoples homes from 
those associated with places of work. 
All others are classed reasonably 
enough as public accidents, since they 
occur in public places, but with one 
notable exception. Motor accidents in 
public places are accorded separate 
recognition because of the numbers in- 
volved and the peculiar features asso- 
ciated with the problem. Four great 
groups of accidents are thus recog- 
nized, tliose that occur in homes, at 
work, in public places and in associa- 
tion witli motor cars. 

In order to follow a classification of 
accidents according to place of occur- 
rence, several arbitrary restrictions must 
be made. Since home accidents include 
by definition all mishaps occurring in 
the home or on the home premises, a 
limited number of motor vehicle acci- 
dents are included, in 19-17 about 100. 
Public accidents include all mishaps in 
public places, except those associated 
with motor \ehicles. Motor x ehicle ac- 
cidents will be taken to include all that 
occur in public places, whether asso- 
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ciated with occupation or not, for the 
reason that a large proportion of motor 
cars are used for both business and 
pleasure and much inexactness results 
from an attempt to determine in which 
capacity the car was engaged at the 
time of the accident. The occupation 
of a physician is evidently the practice 
of medicine and scarcely that of oper- 
ating a car for profit. The motor acci- 
dent that he has may or may not be in 
the course of his professional duties. 
The decision as to occupational use is 
thus open to a variety of interpreta- 
tions. Truck operators are evidently in 
a special category, but the accidents 
they have occur in public places and 
are associated with motor cars, in 1947 
accounting for about 2,500 fatal acci- 
dents. They are included with other 
motor vehicle accidents. The class of 
occupational accidents as here consid- 
ered is best stated as occupational, 
civilian and non-motor vehicle. 

Accidents a Current Health 
Phoble.m of the United States. Be- 
cause the effectiveness of prevention 
depends on specifically directed action, 
and because that specific action in turn 
depends on detailed knowledge of the 
causes of disease or injury, the first 
objective in the study of a community 
health problem is to determine its size 
and its general nature. Recently re- 
leased vital statistics show' that in 1947 
.some 99,579 deaths in the United 
States-' were the result of accidents, a 
mortality rate of essentially 69.4 per 
100.000 population. The data corre- 
spond closelv with preliminary esti- 
mates of 100,000 deaths by the National 
S.ifety Council."*’' 

Ci\iiian accidental deaths when di- 
% idl'd into the four categories stated, 
show 31,500 home accidents (3.5.0';4), 
>1.700 motor wliicle accidents (32.17^). 
Is.t/OO .iccidents occurring in public 
pl.ict^ (1S.2"'-') and 14,500 {14.7rc) 
ixtop-itioiial non-motor vehicle acci- 
tiffitv. Thf>e proportions are for tlie 


United States as a whole. Local condi- 
tions and environmental differences lead 
to appreciable variation, as indicated 
by the 1947 results for the state of Ten- 
nessee,'*® where the distribution was 
home accidents 34.3%, motor vehicle 
36.3%, public 21.3%, occupational 6.2% 
and other and unknown 2.0%. Motor 
vehicle accidents e.xceeded home acci- 
dents, the example being selected not 
because of that circumstance, but prin- 
cipally because the records there are 
particularly good. 

An evaluation of any community or 
mass disease on the basis of deaths is 
not the method of choice, for judgment 
is more satisfactory and informative 
when the number of events that occur 
is also available. With accidents and 
with many of the more important dis- 
eases, cases are not officially or uni- 
formly collected and made a matter of 
record. Deaths are and, as a conse- 
quence, the princinal interpretation is 
necessarily made of those data. 

The temporary disability associated 
with a disease condition may be a far 
more important health consideration 
than the deaths that occur, as with the 
common cold. Under other circum- 
stances the proportion of affected per- 
sons left with a permanent defect may 
outweigh the losses from deaths, when 
the two are viewed on the basis of ex- 
pected productivity and usefulness dur- 
ing life expectancy.*'* Lacking general 
and complete information by which to 
judge the losses from defect and dis- 
ability, an appro.ximation can be had by 
local survevs of fatal and non-fatal 
events. If the surveys are suSlciently 
extensive and the sample is tested for 
reliability in respect to the whole, a 
factor can be derived which will give 
a reliable index on the basis of known 
deaths, of the numbers of non-fatal 
accidents leading to temporary disabil- 
its'. and similarly the number associated 
with permanent impairment of function. 

Thus the National Safety CounciP®' 
lias published estimates for 1947 based 
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on data from the National Office of 
Vital Statistics, state industrial commis- 
sions, state traffic authorities, state de- 
partments of health, insurance compa- 
nies, industrial establishments and other 
sources. Of a total of 10,600,000 acci- 
dents resulting in death or a disability 
lasting longer than the day on which 
the accident occurred, 380,000 caused 
permanent impairment of function, to 
include partial and total disability of 
all grades. Translated into terms of 
morbidity rates, and using current esti- 
mates of population, the approximation 
of 74 disabling accidents each year per 
1,000 population is obtained. Sub-di- 
vided to give results of disabling acci- 
dents in terms of death, defect and 
disability, the rates per 1,000 inhabi- 
tants of the United States, to include 
both civilian and military populations, 
are in 1947 respectively 0.7, 2.5 and 71. 
The more informative e.xpression in 
terms of man-days lost, as a means of 
presenting losses from non-fatal acci- 
dents, is not possible for accidents as a 
whole, nor for the specific categories 
of home, oublic and motor vehicle ac- 
cidents, although good information is 
to be had for various industries. 

The direct cost of accidents as judged 
by death, disability and defect is 
scarcely representative of the total ef- 
fect on health, for the financial cost of 
accidents e.xerts an important indirect 
effect through economic pressure, espe- 
cially when the wage earner or other 
responsible member of the family is 
concerned. Estimates of this cost devel- 
oped by the National Safety Council, 
despite all the inherent inaccuracies 
that must attend such appraisals, nev- 
ertheless gh’e the almost incredible 
total of $7,100,000,000 as the cost of 
accidents in 1947. This includes wage 
losses, medical e.xpenses, overhead cost 
of insurance, property damage, fire loss 
and indirect costs involved in such 
things as interference with production 
and time lost by workers other than 
the injured. 


320 

The favorable record of 1947 in re- 
spect to deaths from accidents was at- 
tained despite what appears from the 
simple total of well known events to 
have been a year with a somewhat 
greater than usual proportion^^^ of losses 
from catastrophes. The data are not yet 
available. These irregular and oppor- 
tunist occurrences that involve appreci- 
able numbers of people introduce fre- 
quency variations comparable to the 
fluctuations seen in communicable dis- 
ease and brought about by epidemics. 
Whether occurring in mass disease or 
in mass injury, they introduce factors 
that influence the interpretation of be- 
havior. 

The difficulties of the epidemiologist 
in defining an epidemic of communi- 
cable disease are avoided by the statis- 
tician through arbitrary' decision that a 
single accident resulting in 5 or more 
deaths constitutes a catastrophe. The 
circumstances are variously related to 
air, water, rail, and motor transporta- 
tion, to fire, marine, flood and storm, 
to poisonings, to the accidents of mines 
and quarries and to events such as 
earthquakes and e.xplosions. The num- 
ber of catastrophic deaths^”'' for 1946 
has been estimated as 1,074 resulting 
from 103 accidents, while the 10 year 
average for 1937 to 1946, was 1,299. 
The more restricted class of cataclysms, 
representing deaths from tornado, flood, 
hurricane and similar disasters, is in- 
cluded in these data. For 1946 such 
deaths-'*'' numbered 148. Three con- 
clusions follow. 

The first inference is that these catas- 
trophic, unusual and often terrifying 
events are but a small factor in deter- 
mining the totals of those who die from 
accidents in tlie United States, since 
thev account for only about 1*^. Sec- 
ondly, the over-all record of 1947. one 
of the most favorable in all of the vears 
that records have been kept, came de- 
spite what appears to be more than 
the usual contribution bv these unusual 
events. Finallv, the deaths and disabil- 
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ities that result from traumatic acci- 
dents are a relatively fixed and regu- 
larly recurring health hazard of more or 
less constant presence. They correspond 
in their behavior to the endemic pat- 
tern of infection that characterizes so 
many communicable diseases. 

Accidents as a World Health 
Problem. Differences in classifying 
deaths due to accident, the varying in- 
clusiveness of reporting, the irregular 
practices about e.xcluding military acci- 
dents and a variety of other factors, 
make a sound comparison of accident 
rates between countries impossible. 
The data of Table 1 are selected from 
information submitted by 38 countries 
with the purpose of showing the uni- 
versal existence of the problem, the 
range of reported rates and the con- 
sistent importance of accidents as a 
public health problem. Judged by this 
e.xperience, the United States stands in 
the upper quartile of countries report- 
ing, with a rate that is exceeded by few 
countries. 


place in 1900 to third in 1946. In 1900 
tuberculosis and two other infectious 
diseases, together with diseases of the 
heart and nephritis, all caused more 
deaths than accidents and violence; 
now in 1946 only cancer and heart dis- 
ease do so. If accidents are considered 
alone, 3 diseases are responsible for 
more deaths. 

The military situation is equally in- 
formative. Over a long history, disease 
has been the principal cause of death 
in armies, even exceeding battle casual- 
ties in time of war. Non-battle injuries, 
the category largely representative of 
accidental deaths, were a relatively 
minor consideration. In the European 
phase of the 1917-1918 and the 1942- 
1945 wars, the death rates for injuries 
among American troops were almost 
identical for the two wars, about 2.3 
per 1,000 per annum,"*’’ but the relation 
of injury to disease was completely 
reversed. Disease caused 9 times more 
deaths than injury in World War 1; in 
World War 11 injury exceeded disease 


Table I.-De^vtus from Accidents Per 100,000 Poi>ul.vtion, United States 
AND Selected Foreign Countries 


Country 

Year 

Rate 

Venezuela 

1944 

27.5 

Portugal 

1946 

36.1 

Belgium 

1946 

41.1 

Sweden 

1944 

48.1 

Switzerland 

1944 

.55.1 

Finland 

1944 

60.S 

United States 

1946 

70.1 

Iceland 

1940 

77.6 

■lustria 

1946 

85.3 

Egv-pt 

191.3 

115.8 


Source: St.itistic.il Office, United Nations, official reports by countries. 


.\C'CH)E.STN .\NU DiSE.\SE .\S C.XUSES OF 
De.viu. Existing United States rates for 
eivili.in lieaths from accident and vio- 
lence rein.tin munericallv at almost the 
identical level of 1900, 'SS per 100,000 
population in 1900 and 88 in 1916. The 
rel.itive position among public health 
[irohlenis is at a liiglier leveE**- since 
these tonibineti conditions have ad- 
v-inciii as a c.nise of death from sixth 


in essentially the same proportion.-’® 
This trend was already evident in 
peace time, for the 1939 death rate.s 
for the American Army”* showed 33% 
of deaths due to injuries and 43% the 
result of disease. 

TitENus IN Accidental Deaths. A 
well judged prognosis is as useful in 
problems of mass disease as with illness 
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of tJie individual patient. The outlook is 
none too happy for any immediate 
improvement in the accident situation. 
The gains in death rates since 1900 are 
not great. For the country as a whole 
the usual range was from 80 to 90 
deaths per 1,000 population in 1900. In 
recent years it has varied between 70 
and 80, and currently is on the border- 
line of 70. A material improvement got 
underway shortly before 1920, only to 
be balanced by the newly introduced 
factor of the motor car. The increasing 
numbers of deaths from motor accidents 
have just about neutralized the gains 
since made against previously existing 


The ten states and the District of 
Columbia that comprised the United 
States Registration Area of 1900 (Fig. 
1) perhaps serve best in comparing 
conditions in 1900 with those of 1946, 
since many variables are eliminated by 
choice of a uniform area rather than 
the progressively enlarged territory 
included within die registration area as 
time went on. So judged, an improve- 
ment has taken place, particularly in 
recent years and largely through the 
lesser effect of motor accidents during 
the war years. It remains to be seen if 
these gains can be held. To do so will 
require improved methods and a 


DEATHS 
PER 100,000 



Fig. 1.— Accidents, mortality rates per 100,000 population, states of the United States Registra- 

' tion iVrea of 1900, 1900-194720b.30c. 


conditions. About that same time 
another factor came into increasing 
prominence, the aging of the American 
population. With more people living 
past 65 years, more were added to the 
group which consistently has the high- 
est accident rates. This again dis- 
counted a potential itnpro\etnent, and 
gave further example of how a changing 
environment, a shift in ecologic eejui- 
librium, acts on health and disease in 
man. 


greater energy in control measures, for 

the important factor of die motor car 

assumes increasing weight. 

o o 

Pattern’s i.x Ho.me Accidests. The 
accidental inj'uries that occur in the 
liome are believed to be the particular 
province of public health and preven- 
tive medicine. This implies no conflict 
with accepted principle, that the main- 
tenance of connnunitr- health is a com- 
munity funedon in which most agencies 
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greater frequency of such fatal acci- 
dents among women at ages past 65 
years. 

Trend of Home Accidents. The 
trend of home accidents over the years 
is necessarily judged on the basis of 
deaths, because existing data are of 
that nature. In the early years of the 
century annual rates for accidents as a 
whole (Fig. 1) showed little evidence 
of a trend, but since 1930 the move- 
ment has been downward. At best no 
great improvement has been demon- 
strated. By e.xcluding the currently 


been shown by accidents in general, 
by those occurring in industry, nor 
even with the currently e.visting rates 
for motor accidents. 

A Public PIealtii Approach. Tlie 
need for a more energetic and rea- 
soned advance on the health problem 
inherent in home accidents is believed 
clearly demonstrated.^ This has been 
interpreted as an obligation of the 
medical profession, through organized 
public health agencies and the private 
practice of preventive medicine. The 
reason for that opinion rests in the 


DEATHS 
PER 100,000 



Fig. 2.— Home accidents, deaths per 100,000 population, United States, lO-lO-lO-lT.^uc 


introduced factor of motor vehicle 
accidents, the record is better as shown 
by the dotted line in Fig. 1, but the 
gains have been in other fields than 
home accidents. For 1930 to 1947 the 
death rates for home accidents in the 
United States are remarkably uniform, 
usually about 24 deaths per 100,000 
population per year, with a minimum 
for that period of 23 and a ma.vimum 
uncommonly beyond 25, the highest 
rate being that of 29 in 1936. Tlie 
o.vperience of tiie present decade, as 
illustrated in Fig. 2, carries the single 
satisfaction that no ground has been 
lost. Home accidents haic not kept 
pace with such improvement as has 


current existence in most health de- 
partments of an organization, of facili- 
ties, and an experience in visiting the 
homes of people that is not possessed 
by other social or adminstratii e agen- 
cies. Such a direct approach to the 
home is believed essential in determin- 
ing first what the problem is and tlien 
in deieioping a prcventiie program 
primarily founded on liealtli education. 
That again is a specialized field of 
organized public healtli. 

If home accidents are a priman^ 
responsibility of communitv medicine, 
then it is reasonable to applv tlie 
technics'^'-'*’ upon which all communitv 
health practice is based, whether tlm 
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problem is of the communicable dis- 
eases, of cancer, diabetes, nutrition or 
other. In essence, this includes an 
initial epidemiologic analysis followed 
by a focal attack on the places and to- 
ward the situations where the condition 
has been demonstrated to be most pro- 
nounced. This is accomplished through 
specific educational procedures and 
the demonstration of preventive meas- 
ures by public health nurses or other 
health visitors in the homes of people. 
The determination of commonly exist- 
ing patterns of epidemiologic beha- 
vior is the first requisite. In presenting 
this method of medicine as an approach 
to the accidents that occur in homes, 
the suggestion is left that the same pro- 
cedures may be applied to advantage 
in other fields of accident prevention 
not so clearly within the responsibility 
of the doctor. 

The objectives of an epidemiologic 
analysis of home accidents are simple; 
first to find out when and where these 
events take place; secondly, how they 
occur, which is to say the mechanism 
involved; and finally, to learn who gets 
hurt. These matters are vitally practical. 
Preventive measures are costly. They 
are time consuming, and interest flags 
if return is not evident. If universally 
applied in blanket fashion, they lead 
to diffuse effort and minimal accom- 
plishment. When deaths from tubercu- 
losis in Detroit were judged some 
years ago to be beyond reasonable 
limits, the attack on the disease was 
not through a city wide campaign, but 
through search for those fractions of 
the population contributing in unusual 
degree to the total tuberculosis of the 
city. They were found in the popula- 
tion of 3 wards, where intensive control 
nriKluced a significant improseinent in 
the r.ites for the city as a whole. The 
re.ison f(jr .nr interest in the patterns 
of home accidents, or any other corn- 
niunitv health problem, is to direct 
.iv.iil.dile preventive measures intelli- 
g>'iitly and spccificallv. 


The study of patterns of behavior 
leads straight to the question of cause, 
which is more complex than the tangi- 
ble object so commonly interpreted 
as the responsible factor in disease or 
injury, a microorganism in communica- 
ble disease or the lopse board in a home 
accident. Rather it is a combination of 
forces from at least 3 sources, neither 
one nor the other regularly exerting 
the principal effect. These are tire 
direct etiologic agent, the character of 
the host who develops the morbid 
process, and thirdly, the environment 
in which both e.xist, as it influences the 
interaction of the one with the other. 

An organized effort to analyze home 
accidents as a community health prob- 
lem comprehensively and on a national 
scale, has yet to be made. The neces- 
sity for repeated reference to estimates 
will have demonstrated the general 
lack of factual data. What facts e.xist 
have too often been brought together 
indiscriminately, with no direct objec- 
tive of answering specific questions. 
The epidemiologic method of field 
study is a useful procedure in acquiring 
the necessary added information. An 
ecologic interpretation,"" in terms of 
agent, host and environment suggests a 
framework within which to arrange 
available facts and more important to 
point to une.xplored parts of the prob- 
lem. A constructive program for pre- 
vention depends upon a broad definition 
of cause. Accidents are believed to be 
no different from any other mass health 
problem and hence to conform to 
general laws of biologic behavior. 
Similar situations consequently arise 
from dissimilar causes, they vary in 
time and in place, and each community 
needs the specific information derived 
from a study of local conditions upon 
which to build a logical and specific 
program of prevention. 

Tvi'j-:s OF IIo.ME AccmE.NTS. Whether 

judged by the approximations of the 

Xational Safety Council”"'^ or bv the 
* <> 
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data of Brown^®'^ and others, the most 
common type of fatal home accident is 
death from falls, since they regularly 
account for somewhat more than half 
of all fatalities. Falls on the same level 
outnumbered falls from one level to 
another in the proportion of 3 to 2, and 
together were responsible in 1947 for 
more than 3 times as many deaths as 
the next most frequent type of fatal 
home accident, which was burns, 
scalds, and explosions. Death from 
mechanical suffocation surprisingly 
ranks third among causes of fatal acci- 
dents in the home, despite its limitation. 


34,500 accidental deaths in tlie home 
during 1947. 

Agents Causing Accidents. The 
accepted classification of home acci- 
dents by type gives all too little infor- 
mation about cause, for the first 3 
categories are not descriptive of the 
things that cause accidents but of the 
mechanisms by which they took place. 
Even as mechanisms they lack detail of 
the activity^*^*^ in which the person was 
engaged. A burn may result from con- 
flagration, e.Kplosion or scald, from hot 
liquids or hot solids; the recognition of 
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Fic. 3.— Home accidents, deaths per 100,000 population, United States, 1915. 


in an estimated extent of 90%, to 
infants aged less than one year. More 
detailed studies' have shown a number 
of sucli deaths to be properly ascribed 
to other causes, such as infections, but 
the recorded total of 1,700 fatalities in 
1947 marks this as perliaps the most 
strikimi amoii" influences exerted bv 
the age of the patient. Poisons e.xcept 
by gas, poisonous gas. and fireanns 
follow in the order named, with these 6 
forms responsible for some S5% of the 


which of these was the cause has been 
shown by Schlesinger et al?'' to be a 
practical consideration in understand- 
ing the home accidents of children. 
Mechanical suffocation may follow 
from bedclothes or beans; with falls all 
manner of agents may be considered 
such as wet or waxed floors, un- 
anchored rugs, loose objects. ladders 
and stairs. More important is die recog- 
nition of faulty design, improper con- 
struction or poor repair of objects 
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about the home as the direct cause of 
accidents. 

Poisons e.x'cept gas, poisonous gas, 
and firearms are satisfactory designa- 
tion of the agent and are susceptible to 
subdivision and specification. The 
study of the agent needs still further 
elaboration, for the things that cause 
accidents in rural homes are conceiv- 
ably different from those acting in 
urban residences, and those concerned 
with children do not hold for aged 
persons. So far as known, only the 
Kansas State Health Department,-® the 
Metropolitan Life Insurance Com- 
pany®*' and a few others-'*®^ are collect- 
ing data to answer these questions. 


ties tlirough the aging process and from 
disease, and consequently an increased 
liability to accidental injury. Aside 
from the deviations in anatomic and 
physiologic state, inherent differences 
e.xist among people, to tlie e.xtent that 
some are recognized as unusually sus- 
ceptible to accidents, a state termed 
accident proneness. The host patterns 
of persons who suffer from accidents 
are thus seen to be of the same general 
order as diose long recognized for 
many disease processes. 

Age. Like so many diseases where 
the host factor is an important con- 
sideration, deaths from home accidents 
are more frequent at tlie e.xtremes of 
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Ki(.. I.— Home .iccitlcnts from f.iils, per 100,000 popul.ition, bv .ige and sc\, N'.ition.i! lic.iltli 
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Ilosr I'.\Cio«. The common tendency 
is to look upon tlie person who suffers 
an aeeiclent.i! injurs’ as the poor victim 
of eircumst.ince, and yet the e.splana- 
tion of home accidents is believed more 
frerjuently to be found in what are 
e tiled host factors, within people them- 
'flves. th.m in either the environment 
or the .toents directlv concerned. .\ge 
.I’one introduces evident di{ficu!tie.s in 
the .il.ihly of persons to compete with 
tie-u eiiv irouiie'iit. Infants .ind voting 
V lull hen the lit'Cess.uv pltvsical 

-distitv .Iliti evp' rtence. Older persons 
-uijuire phvsic.i! .ind mental int-.tpaci- 


life. The relationship is best defined 
where separate rates are computed for 
infants less than 1 year'-*’ and for older 
children aged 1 to *1 years. Death rates 
for infants are commonly 3 and 4 times 
greater than for older pre-school chil- 
dren. For 1945 in the United States 
(Fig. 3) the home accident rate for all 
children under 5 years was 42.2, No 
other age group has tiie high rate of 
fata! aceidents of persons aged fio years 
or more, which for tlie same vear was 
1S5.0 per 100,000. 

lleliable data on morbidity of borne 
accidents are almost wholly limited to 
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facts derived from the National Health 
Survey^^'^- of 1935-1936. The distribu- 
tional pattern for total cases by age is 
similar to that for death from accidents 
for the country as a whole. Individual 
types of accidents show pronounced 
differences. Accidental injury as the 
result of falls was a relatively minor 
consideration among children under 5 
years, in relation to the total accidents 
they experienced (Fig. 4). It became 
an increasingly greater factor widi 
advancing age, and for elderly people 
was far and away the predominating 
type of injury. Accidents resulting from 
cutting and_ piercing instruments led to 
an entirely different pattern (Fig. 5), 
in that children and young adults were 
principally affected and older persons 
in appreciably lesser degree. 


accidental injury for the 15 to 24 year 
group, and rank importantly for the 
immediately preceding and following 
divisions. Falls were not represented in 
the youngest age but assumed increas- 
ing importance with advancing age, to 
become the leading cause of accidental 
death from home injuries at 45 years 
and thereafter. These varying distribu- 
tions give added emphasis to the need 
for a comprehensive e.xamination of 
causative factors to include host and 
environmental influences as well as 
agent. 

Se.t. For all groups through 24 years, 
home accidents are strongly a function 
of males rather than females, but there- 
after females predominate and for 
elderly people in well marked degree, 
better than 2 to 1. The distributions 
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Fic, 5.— Home accidents from cutting and piercing instruments, per 100,000 population, by age 
and sex, National Health Survey, 1935-1936.^- 


These illustrations suggest tlie value 
of e-xamiuing the types of fatal home 
accident that predominate at various 
ages. For 19-15 burns were the principal 
feature at ages 0 to 14 years, and for 
all other age groups were among tlie 
four principal types. Meclianical suf- 
focation and foreign bodies ranked 
second and third in the youngest age 
group, 0 to 4 years, but did not appear 
subsequentU’ among connnoner e.xpcri- 
ences. Firearms were the first cause of 


that characterize falls (Fig. 4) are 
fairly typical of the general situation, 
but iiidividual types of home accidents 
(Fig. 5) while continuing to demon- 
strate the principle of a dominance of 
males are nevertheless subject to 
qaautita the differences. 

Race. The national experience in the 
United States shows somewhat greater 
accident rates for colored than for 
white populations.^'* but less than for 
many mass diseases. They imdouhtedlv 
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reflect differences in economic position, 
geographic distribution and occupa- 
tional distributions of the races. 
Selected types of home accidents serve 
particularly well in demonstrating these 
differences; for e.\ample mechanical 
suffocation, where the rates for colored 
infants under one year are twice those 
for white children of that age. 

Acquired Susceptibilitij. The greater 
probability of accidents for persons 
under the influence of alcohol has been 
studied almost e.xclusively in relation 
to motor vehicle accidents. The obser- 
vations of Joss-^ in Minneapolis show 
this factor to act also in other types of 
traumatic injury, but so far as known, 
its significance in home accidents has 
not been investigated. Industry has 
given attention to other forms of 
acquired susceptibility, such as those 
resulting from fatigue, impairment of 
vision, and deficiencies of hearins, but 
again the situation is une.vplored in 
home accidents. 

Inhcrcut Susceptibilitij. Collected 
e\perience, principally in relation to 
motor accidents-®"'* ‘ has demonstrated 
that certain individuals have repeated 
accidents, and that multiple accidents 
by a relatively limited group contribute 
materially to the whole. This condition, 
represented by a tendency toward 
accidents, has been termed accident 
proneness.-’’-'’ Neither reaction time, 
intelligence, physique, nor skilF** 
appears to ha\c any p.rrt in its origin as 
an inherent constitutional attribute. It 
is sugge.stively distinct from the fre- 
(jnency of accidents associated with an 
unf.mnliar ensiroument, as evidenced 
bv VMjrkers undertaking new tasks.” or 
eoliths le.irning to drive automobiles, 
since an improved or extended experi- 
inte f.uls to leinedv the situation. 
Such mdividii.ils continue to have acci- 
(hnts in vvlialever occupation tliev 
iiigege and ptt sumablv under the 
varvmg situatioas in which they find 
th iJi'cIv! I he t xistence of the con- 
d.stiua ii i,u!v to he ticogui/ed i>v tile 


record of past performance, although 
variously studied by psychiatric meth- 
ods. Its significance in home accidents 
has not been investigated. 

Environment. The primary classifi- 
cation of accidents on the basis of the 
places they occur is of itself indication 
of the importance of environment as a 
factor in causation. The concept of 
environment as composed of tliree 
major elements,-- the physical, the 
biological, and the socio - economic 
environment, will be followed in inter- 
preting accidents as a result of the 
competition between man and his 
environment. The physical environment 
has to do with matters of climate and 
weather, of season and topographical 
affairs, with soil and other physical 
features of the world where man lives 
The biologic component can be taken 
to include the universe of living things 
that surrounds man, all else than man 
himself; while the socio-economic part 
of environment is that which comes 
into play through association of man 
with his fellow man. Environment so 
considered e.xerts an influence on dis- 
ease and injury sometimes through 
direct action on host or on agent and 
sometimes on the mechanisms which 
bring host and agent together or 
determine their interaction. The results 
of environmental influences are to be 
measured by the character of the 
process that results, bv the extent and 
nature of the frequencies that follow 
and often by both. 

Geographic Distributions. Differences 
in frequency of occurrence according 
to geographic regions are character- 
istic of many mass diseases. Iniuries 
tvpified by accident show a similar 
beh.ivior. For all accidents, the western 
st.ites of .America have consistently 
higher rates than the areas to the east 
of the .Mississippi River, with the 
moimtaifi st.stes exceeding any other 
region (Fig. C). The vacation states of 
Florid.!, \'ennont and New Hampshire 
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rank well above the average for the 
country. Connecticut establishes the 
best record for 1947 with 50 deaths 
per 100,000 population, while Nevada 
with 137.6 is high. Of the 9 standard 
groupings by which states are com- 
monly distributed for statistical pur- 
poses, the middle Atlantic group 
including New York, New Jersey and 
Pennsylvania, and the New England 
states have the best records. 

The less comprehensive information 
about home accidents indicates similar 
differences in distribution from one 
part of the country to another. Rates 


The gross differentiation by states 
scarcely permits the indi\’idual com- 
munity to judge its particular problem 
of home accidents. Much depends on 
the concentration and character of the 
population, as becomes evident when 
the frequency of home accidents is 
considered in relation to place of resi- 
dence, as urban, farm‘d and rural non- 
farm,^® for home accidents are clearly 
a greater problem of urban communi- 
ties than rural non-farm areas (Fig. 7), 
The reasons are not well defined but 
the differences are sufficiently great to 
suggest material variations from corn- 



varied in 1947 from 34.5 in Missouri 
to those of Utah with 16.8 home fatali- 
ties per 100,000 population. Little 
correlation e.\ists between total acci- 
dent deatlis and those for home acci- 
dents. The total rate for Utah was high, 
82.9, and yet of 27 states separately 
reporting home accidents it had the 
best rate. Missouri \\4th the highest 
rate for home deaths had a wholly 
ordinary total rate of 74.5, although 
46% of reported accidents were in the 
home. New York had almost an 
identical proportion of home accidents 
(45.5%) but the total rate was among 
the best in tlie United States (59.7 per 
100 , 000 ). 


munity to community. This has been 
recognized to tire e.xtent that some few 
cities have determined the frequency 
of fatal home accidents by sub- 
diw’sion, such as wards or census tracts, 
and states like Tennessee and 
Kansas-'^ have effected divisions by 
counties. The result emphasizes the 
need for individualized information if 
communities are to apply proper 
empliasis in control measures. 

Largely because of the interest of a 
few investigators, much is known of the 
inner structure of the home as an en- 
vironmental factor in home accidents. 
The data from Kansas and Long 
Island^®'^ show bedrooms to be the 
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most common location of fatal acci- 
denb, because most deaths of infants 
and persons past 73 years occur tliere, 
and for both the total numbers are 
great. The ne\t most favored site was 
die yard about the home, and close 
thereafter the kitchen. Stairs are a 
natural hazard, with the remaining 
parts of the home measurably less 
important. The studies of the Metro- 
politan Life Insurance Company**<i led 
to the conclusion that the kitchen is the 
most dangerous room in the house. .\n 
estimate of 6,000 annual deadis is 
given. The injuries that occur are likely 
to be severe and a wide variety of 
exposures is evident, for this is the 


tion, specific kinds of home accidents 
as a whole do e.xperience seasonal fluc- 
tuation, for instance the deaths of 
infants from mechanical suffocation, 
and from falls at all ages, during the 
winter months. Generally, the informa- 
tion about distributions in time is none 
too e.xtensive, especially for non-fatal 
accidents. Knowledge of home acci- 
dents would profit by the methods used 
in the study of motor vehicle accidents 
to determine such time factors as the 
influence of weekends, of holidays, of 
periods of bad weather, and of the 
shifting hours of daylight and darkness. 

Socio-Economic Enoironinent. What- 
ever, the kind or nature of mass disease 



i’n.. 7.— Honii: atcaiLiits, dt.illis per 100,000 popul.ition, by plate of occurrence, United 

States, 1917.30c 


factory of the hotne, the center of 
domestic activities. The demonstration 
of the specific kinds of Iia/ard that 
pert.iin to various features of home life 
li.ive permitted direct educationapoc 
measures against demonstrated causes 
.uul the plates they are active. 

Ontn/mfioav in Time. Home atei- 
dtjits vvlien jiidgtd by existin.g fre- 
tpuiitits Irom vear to ve.ir (Fig. 2 ) are 
.1 stt .uhh rtturrmg phenomenon, tor- 
rtsjMuuling to the tiidemic iieliavior of 
thn .i%e 'I he variations from month to 
oionth are h.ktwi’.e inmifnal .is illtis- 
!ri!td h) the txptrunte of Wistousiii 
ti.r I‘>lo ( F14 "s ' .Uthimvth .itcidtnts 
IS .1 ’.v'l.u!'- si.ij'.v 1.0 seasonal prtdikc- 


or injury, whether it be infectious, 
metabolic, or traumatic the part e.xerted 
by the socio-economic environment is 
probably the most neglected and under- 
developed of any epidemiologic in- 
fluence, with accidents no different 
from any other. Only scattered informa- 
tion can be put together, that arising 
from the National Health Survey of 
1%3 being the most constructive.'-'-'^ 
The (juality of housing, as judged by 
the amount of income or rental paid, 
has been repeatedly demonstrated to 
have an influence on the frequency of 
both communicable and non-communi- 
cable disease. It is not surprising that 
the same causative influence is shown 
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in the frequency of accidents; the lower 
the standard of housing the greater was 
the frequency of home accidents. 
Indeed, many of the physical factors of 
environment already considered, and 
those of the host will be seen scarcely 
to act independently but are repre- 
sentative of a solid admixture with 
this important component of socio- 
economic environment. 

Epidemiologic Method Applied. 
Each of the 3 broad factors in causa- 
tion has been considered individuallv 

✓ 

to the end of demonstrating principle. 
But the illustrations themselves and 
more particularly the concept of epi- 
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A principal difficulty is in unearthing 
the inde.Y case, for case finding through 
the system of reporting so useful in the 
study of comunicable disease and some 
few other conditions, is not available 
for accidents. Officially filed death 
certificates relating to accidental deaths 
are one source of information. Patients 
admitted to the accident services of 
hospitals are another. The kind of in- 
formation basically essential to a com- 
prehensive prevenbVe program is that 
which relates to the bulk of lesser 
events, the accidents that result in 
temporary and often minor disability. 
This is to be obtained most surely 


DEATHS 



Fig. 8.— Deaths from home accidents, by month, Wisconsin, average 19-16 and 19-17 {Source; 

Wisconsin State Board of Health). 


demiology as medical ecology, show 
this to be an oversimplification. All 3 
factors are intimately interwoven, each 
influenced by the other. The important 
consideration is that accidents as a 
community healdi problem give evi- 
dence of conforming to basic biologic 
laws, that they are the result of the 
total forces within a unixerse, of an 
ecologic entity, of the competition 
between man and his environment. 
This calls for epidemiologic analysis as 
the practical approacli to improx’ed 
understanding and to a specifically 
directed prevention. 


through organized survey and special 
studies in selected areas. If facilities are 
not available for such comprehensive 
investigations a fourth source of inde.x 
cases is to be had by incorporating the 
invesbVation of accidents into the 

O 

ordinarv' activities of health depart- 
ments. where public health nurses and 
others include a consideration of acci- 
dents along with other actix ities xx-hich 
take them to the homes of people. The 
choice of method depends largely on 
the facilities axailable and the local 
interest tliat exists. Something more is 
needed for an adequate prex entix e pro- 
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gram than a knowledge of fatal acci- 
dents or of persons seriously injured. 
The organized survey is the most pro- 
ductive but much can be accomplished 
by the alternative procedure last 
mentioned. 

Whatever the decision as to the 
scope of activities deemed practicable, 
the procedure is the same, an individ- 
ual case study of the patient, the family 
group, and the immediate surroundings 
in which they live. The technic is 
fundamentally that so well developed 
for communicable and other diseases. 
The nature of the accident is deter- 
mined, the result evaluated in terms of 
death or recovery, and of temporary 
disability or permanent defect. The 
causes are sought through direct 
investigation of the site of the accident, 
of the associated circumstances and of 
the person who was injured. Investiga- 
tion, forms of the type used in Kansas 
provide a simple means for acquiring 
and recording the necessary data. 

The same considerations of local 
need and available resources govern 
the comprehensiveness of data to be 
collected and analyses to be made. It is 
within the resources of almost any 
health department to obtain the simple 
information about age, date, type of 
accident, ages involved, and the nature 
of the injury. Simple correlations may 
he made of type of accident with age 
of the patient, with the activity in 
which he was engaged, of the location 
within the house, and of the house 
within the jurisdiction. It is hoped that 
some few investigators will be able to 
undertake more comprehensive studies 
of causation, with as much attention 
placed on the part played by the host 
and such fundamental features of the 
environment as are concerned %vith 
socio-economic conditions. It is desir- 
able that these correspond to repre- 
sentative regions \vithin the United 
States and to varying concentrations of 
populations in sufficient number to pro- 
vide the information so clearly needed 


for a better definition of the laws of 
accident production. 

The Program of Prevention. The 
emphasis which has been given to the 
epidemiologic approach to accidents 
has the wholly utilitarian purpose of 
permitting a more reasonable program 
of preventive action than is now pos- 
sible from existing information. Causa- 
tion needs to be explained, not in the 
limited sense of the direct agent, but 
through consideration of the multiple 
factors inherent in the host, the agent, 
and the environment. The pattern of 
study that has been outlined is to that 
end. 

The principal instruments of a pre- 
ventive program^®® are rather clearly 
public health education,-® the demon- 
stration of e.xisting accident hazards in 
the home, and direct instruction in the 
means by which they can be corrected.®* 

The emphasis thus far has been on 
what may be done by governmental 
agencies and official health depart- 
ments. As with all health activities 
which involve personal services, the 
greatest potential promise of accom- 
plishment in accident prevention is 
through the private practitioner of 
medicine, in his contact with the fami- 
lies of his community. 

A final word about objectives may be 
useful. Public health activities are di- 
rected to the prevention of disease and 
injury in the community. Circumstances 
commonly require a similar compro- 
mise as in clinical medicine, namely the 
need to be satisfied with something less 
than the perfect result; to control and 
limit disease that cannot be prevented, 
and when neither is possible, to de- 
crease the costs in terms of permanent 
defect. AU are a positive contribution, 
although in progressively lesser degree. 
No assumption is made that all acci- 
dents can be prevented, but much can 
be accomplished in decreasing the 
health losses from that cause. 
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No useful additions can be made to 
the suggestions for home safety activi- 
ties by local health departments that 
have been advanced by the Subcom- 
mittee on Accident Prevention^*’ of the 
American Public Health Association. 
They stress the need for more informa- 


tion, and advice is logically given in 
procedures that can now be applied 
with what information is at hand. Only 
through a better understanding than 
now exists of what to educate against, 
and what measures to demonstrate, can 
these procedures be put into full force. 
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IMMUNIZATION WITH MIXED BACTERIAL ANTIGENS 
By Donald S. Fleming, M.D., C.M., D.P.H. 
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The past war, as was the case with 
its predecessor, served as a strong 
stimulus to the widespread investigation 
of the use of combined antigens for 
prophylactic immunization. This was 
to be expected in that the practical ad- 
vantages to be gained by such proce- 
dures in the mass immunization of 
populations or groups of the popula- 
tion are obvious and become a pressing 
need under wartime conditions. Studies 
initiated by World War I were carried 
on between the wars and this will 
doubtless prove to be the case once 
more, and on even a greater scale, since 
viral and rickettsial infections are now 
receiving their due attention in this 
respect. Plowever, it is of value to at- 
tempt to measure and report the prog- 
ress made after a period of activity in 
any field, and this would appear to be 
an appropriate time to do so in regard 
to work dealing with the use of mixed 
bacterial antigens. 

The initiation and study of the use 
of combined bacterial antigens for pro- 
phylactic immunization was for many 
years retarded and hampered by wide- 
spread acceptance of the theory' that 
such efforts would fail to produce a 
good response to each component in- 
oculated, or that the response to each 
component would be much less satis- 
factory than that following their sepa- 
rate injection. This tlieory as to the 


“competition of antigens” had its basis 
in the work of Michaelis-* who in 1904 
demonstrated that the injection of un- 
treated blood serum resulted in only 
slight antibody production against albu- 
ihin, but good precipitin for globulin. 
Immunization with tlie albumin frac- 
tion alone resulted in a large preciptin 
production. Support for this attitude 
was provided by Friedberger^^ the same 
year, using combined typhoid and 
cholera vaccine, for he claimed that 
this resulted in cholera antibody for- 
mation being 6 to 37 times lower tlian 
when cholera vaccine alone was em- 
ployed. More recent evidence of the 
same nature has been provided by Zla- 
togoroff et al.^^ in 1929 and by Schei- 
beP*’ in 1944. Their e.xperiments were 
carried out in guinea pigs using diph- 
theria and tetanus toxoids and the con- 
clusion was tliat immunization with 2 
antigens would result in a lowered re- 
sponse to at least 1 of them. However, 
this effect was most noticeable with 
small doses and few injections and 
raises the possibility that the different 
response was essentially due to differ- 
ences in threshold rather tlian competi- 
tion between antigens. Scheibel also 
was of the opinion that his findings did 
not present a complete barrier to Im- 
man use of such mixtures, in that even 
with some reduction in antibodv for- 
mation, the amount produced for both 

( 335 ) 
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components was sufficient for effective 
protection. 

These studies cannot be disregarded, 
but at the same time the great majority 
of reports do not demonstrate adverse 
results from the inoculation of com- 
bined bacterial antigens. In fact the 
reverse is the case, for more recently 
the most striking feature of such studies 
has been the discovery that the re- 
sponse to some or a number of com- 
ponents in a mixture will be actually 
enhanced by their employment as a 
constituent of a mixture rather than as 
a single entity for immunization. 

There would appear to be some dis- 
pute as to which worker should receive 
credit for initiating the long series of 
studies dealing with the use of mul- 
tiple antigens in prophylactic vaccina- 
tion. On the evidence available, Castel- 
lan!® would appear to have earned this 
distinction, for in a paper published in 

1915 he cited publications by him in 
the preceding 15 years in this field. In 
1901-02 he claimed to have demon- 
strated that rabbits inoculated with 
several species of bacteria developed 
agglutinins for each to as great an ex- 
tent as control animals recehdng only 
one species by inoculation. This result 
led him to introduce the use of a com- 
bined typhoid, paratyphoid A and B 
vaccine in Ceylon in 1905 and to the 
later addition of killed cholera vibrios 
to the mixture. By 1915 it was possible 
to report"'® that some 170,000 individ- 
uals had been immunized with this 
“tetravaccine" in Serbia. Castellani did 
not restrict his investigation to the 
vaccine components already described, 
but also investigated combinations of 
up to 6 constituents and stated that 
some 14 combinations of 2 or more 
antigens had been used in humans. In 

1916 a similar study was reported by 
Weber,®® who claimed that immuniza- 
tion with mixed cholera-typhoid vac- 
cine produced as high agglutinin titers 
for both antigens as were obtained in 


controls receiving separate inoculations 
of each antigen. 

Although these pieces of work must 
receive historical precedence, the most 
noteworthy attempt to demolish the 
theory of antigenic competition came 
from a series of reports by Ramon and 
Zoeller®® in 1926 which were sum- 
marized by Ramon in 1939.®® This work 
showed that the inoculation into 
animals of a non-specific adjuvant such 
as tapioca, calcium chloride or alum to 
an antigenic substance such as diph- 
theria toxoid resulted in the host giving 
a much improved response to the anti- 
gen as measured by specific antibody 
production. This observation was then 
apphed to animals, and later to humans, 
in the inoculation of such unlike mate- 
rials as diphtheria toxoid and typhoid 
vaccine. It was then established that 
satisfactory polyvalent immunization 
could be produced by the simultaneous 
inoculation of typhoid vaccine, diph- 
theria and tetanus toxoids. Similar 
studies were reported in 1935 by Ando 
and Nagata^ who found that alum pre- 
cipitated scarlet fever and diphtheria 
toxoids produced in rabbits as good a 
response in combination as alone; and 
in 1940 Schutze®'’' who reported that in 
guinea pigs the antigenic potency of 
alum precipitated diphtheria toxoid 
and pertussis vaccine was not im- 
paired by combination in a mixture for 
immunization. The possibility that 
mixing of antigens might have a dele- 
terious effect upon the components of 
the mixture was shown to be without 
foundation, at least in regard to a mix- 
ture composed of the organisms respon- 
sible for typhoid and paratyphoid 
fevers A, B and C when combined rvith 
tetanus toxoid and stored for any 
reasonable period of time.®'^ 

These and similar studies have pro- 
vided the experimental basis for the 
intensive investigation of the use of 
combined antigens for active immuni- 
zation against bacterial diseases in 
which this approach has proved either 
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feasible or justifiable on the basis of 
need for such protection. Although 
many combinations of such bacterial 
antigens have been subjected to inves- 
tigation, the major attention of the 
past two decades has been directed to 
certain specific diseases, namely: the 
typhoid and paratyphoid fevers, diph- 
theria, whooping cough and tetanus. At 
this time it is proposed to present evi- 
dence that has been produced in regard 
to the status of combined immuniza- 
tion in each of these infections of major 
interest to medicine on this continent 
and to discuss some of the general 
problems of combined immunization 
that have arisen as an unforeseen con- 
sequence of studies more narrowly di- 
rected. 

The customary age distribution of 
cases in the diseases just mentioned has 
tended to divide immunization studies 
rather sharply into 2 categories. Those 
concerned with prophylaxis against the 
typhoid and paratyphoid fevers have 
dealt with adult groups,- those dealing 
with diphtheria and whooping cough 
have been concerned with the infant 
and child elements of the population. 
The original conception of tetanus as 
an adult hazard resulted in its being 
of concern to the first group, but a 
more recent appreciation of the signifi- 
cance of this disease in childhood has 
had the elFect of sharing of interest in 
this disease by all concerned with com- 
bined immunization. 

The tremendous value and great 
effectiveness of typhoid \accination 
was firmly established in World \Var T, 
although extensive British experience 
with typhoid vaccine had begun with 
the South .\frican War. At that time 
the results were not coin ineiug in re- 
gard to lessening of incidence of 
enteric infection in the recentlv im- 
munized troops, but the case mortalitv 
rate was reduced from 16.6''^ to S'r in 
that grovip as couipared to uuinocu- 
lated controls. verv striking reduction 
of both incidence and mortalit}- from 


enteric fever was demonstrated in the 
period 1909-1913 when British troops 
serving in India were practically all 
inoculated with typhoid vaccine. Very 
complete records exist of British ex- 
perience with typhoid and T.A.B. 
(typhoid, paratyphoid A, paratyphoid 
B) vaccine in the first World War.-'-* 
At the beginning of the war in 1914 
only some 30% of troops had received 
a single inoculation of typhoid vaccine, 
but this was gradually increased to 
over 90% by the end of the next year. 
Early in 1916 T.A.B. vaccine was intro- 
duced and its use in 2 doses of 0.5 cc. 
and 1.0 cc. at 10 and 14 day intervals 
replaced simple typhoid vaccine for the 
remained of the conflict. During 1915, 
when protection against only typhoid 
fever was provided, the incidence of 
this disease in those immunized was 
less than one-tenth that occurring in 
the uninoculated and there was evi- 
dence of a considerable degree of pro- 
tection against paratyphoid fevers A 
and B as well, particularly in regard to 
mortality from those diseases. In the 
final year of the war, when fully 95% 
of some 2*/2 million men were fully pro- 
tected with T.A.B. vaccine, the inci- 
dence of enteric disease was reduced 
to only 376 cases.^® French and 
American experience provided confir- 
mation for these striking results. 

The satisfactory results thus demon- 
strated were more than duplicated in 
World ^Var II. In a recent renort-'* it 
has been stated that fewer than 50 
cases, with onlv 2 fatalities, occurred 
in an armv of o\’er 3 millions. 

The widesoread adondon of h phoid 
vaccine, later followed bv the incorpo- 
ration of the organisms responsible for 
the paratyphoid fe\ers. was a major 
development. .\Ithough it is true that 
such vaccines are mixed \accines in 
every sense of the word, the fact that 
the elements composing them were 
bacteria! cells of somewhat similar 
morphological and cultural character- 
istics and the causatixe agents of 
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clinically similar diseases tended to 
blunt the impact of this important in- 
novation; though it probably prepared 
the ground for the acceptance of large- 
scale use of more unusual mixtures for 
prophylaxis of other diseases recog- 
nized as being of major significance in 
military medicine. This further step 
could only be taken if it were possible 
to demonstrate that the effectiveness of 
vaccination against the enteric infec- 
tions was not impaired by the new con- 
stituent of the mixture. 

The importance of diphtheria as an 
endemic disease in France led to the 
introduction of compulsory immuniza- 
tion for diphtheria among French 
troops in 1931 and studies were soon 
imdertaken to demonstrate the possibil- 
ity of combined immunization. The 
results were satisfactory and in one 
study^2“ it was reported that the attack 
rate of diphtheria per thousand men 
was reduced from 10.7 in the unpro- 
tected to 0.84 in those immunized with 
the combined material. As a conse- 
quence of these and other findings^-'’’®^ 
it was decided that combined immuni- 
zation should be the recommended 
procedure for primary immunization of 
recruits. 

As was to be e.xpected, the impor- 
tance of tetanus greatly outweighed 
that of diphtheria in the eyes of those 
concerned with active immunization of 
adults, and this was particularly the 
case in regard to members of the 
armed forces. As a consequence, the 
vast majority of studies dealing with 
the combination of tvphoid - para- 
tvphoid vaccine and other antigens 
have been concerned with a mixture 
incorporating tetanus toxoid as a major 
constituent. The value of tetanus anti- 
toxin as a prophylactic agent was 
shown in "World War I when its intro- 
duction resulted in the incidence of 
tetanus falling from 8 to 1 ner thousand 
wounded.® However the demonstration 
that active immunity could be estab- 
lished by the use of tetanus toxoid en- 


couraged studies of this approach to 
the problem between the wars, since 
there were great disadvantages to any 
plan of prophylaxis which placed com- 
plete reliance upon the administration 
of passive immunization to wounded in 
the field. Active immunization would 
also tend to eliminate the problem 
created by hypersensitivity to horse 
serum. At the beginning of World War 
II sufficient work had been reported®- 
i9b,23,34 J.Q justify the conclusion that 
tetanus toxoid could be combined with 
other antigens for effective immuniza- 
tion against all components of the mix- 
tures. Reports have since appeared as 
to the great effectiveness of active im- 
munization against tetanus under war 
conditions. Boyd states® that in the 
British Expeditionary Force of 1939-40 
in Europe there were 7 cases of tetanus 
in the non-immunized 10% and no cases 
in the immunized 90%. A quotation 
from a paper by Montgomery®® is even 
more striking: “Perhaps the most 
dramatic advance in preventive medi- 
cine was encountered in the protection 
given by tetanus toxoid. It was given to 
all Canadian and American soldiers at 
the same time as the T.A.B. vaccine. To 
my knowledge, no authentic case of 
tetanus developed in the Canadian 
Army overseas, and Colonel Wm. 
Middleton, Chief Consultant in Medi- 
cine, European Theatre of Operations, 
U. S. Army, is authority for the state- 
ment that only 1 instance of tetanus 
occurred in the American Army. The 
Nazis afforded the perfect control. 
Only the Luftwaffe and certain para- 
troop elements received tetanus toxoid. 
Of the unprotected German prisoners- 
of-war, hundreds developed tetanus 
and scores died in Allied hospitals.” To 
sum up, one may say that the incidence 
of tetanus was reduced to negligible 
proportions by active immunization, 
though it is still a matter of some dis- 
pute as to whether the wounded man 
should also receive tetanus antitoxin or 
complete reliance be placed upon a 



PATHOLOGY *VND HACl’EKIOLOGV 




reinforcing inoculation of toxoid at the 
time wounding occurs. 

Despite the significance attached to 
tetanus as a problem of military medi- 
cine, there has been increasing atten- 
tion paid to its occurrence among 
civilian groups. In 1938 Cooke pointed 
out^° that in 1930 the mortality rate 
from tetanus in the United States was 
1.1 per 100,000 of population and that, 
although children constituted less than 
30% of the population, more than half 
the tetanus deaths were in childhood. 
This staternent was at variance with the 
conventional belief that tetanus was a 
hazard of ordinary life only when oc- 
cupation, such as farming, created a 
special need for protection. The fact 
that reliance could not be placed upon 
routine use of tetanus antitoxin at the 
time of injury was stressed by PratU^ 
in an investigation of 56 cases of 
tetanus. He found that in 60% of these 
patients the original injury was of such 
a nature that prevention would not be 
achieved by the application of conven- 
tional measures in that the injury was 
not appreciated or was of such a nature 
as not to demand prophylactic pro- 
cedures. However, acceptance by the 
medical profession of these views 
would by itself achieve little, since it is 
unlikely that the general population 
would accept routine active immuniza- 
tion procedures specifically directed 
against tetanus in view of the relative 
rarity of this disease in civilian life. At 
the same time, the general acceptance 
of prophylactic immunization against 
certain other diseases affords an oppor- 
tunit)' for production of the desired 
protection against tetanus provided 
tetanus toxoid can be administered 
simultaneously and without deleterious 
effect upon the other antigenic com- 
ponents of the mixture. 

The need for exact infonnation on 
this point has stimulated a number of 
studies dealins; with the effectiveness 
of tetanus toxoid when combined with 
diphtheria toxoid and pertussis vaccine. 


the antigens routinely used in the pro- 
phylactic immunization of infants and 
children. Results of studies reported by 
Peshkin;-''*-'''*’ Bigler and Werner;’’ 
Deamer et Lapm;-^“''^ and by 

Miller and his associates-'"--' have all 
demonstrated a satisfactory response 
to tetanus toxoid and no appreciable 
interference with the other components 
of the various mixtures employed. The 
studies of Peshkin””-^-*" are of particular 
interest in that they deal with die re- 
sponse to such active immunization by 
a group of 186 allergic children who 
might be expected to present a serious 
problem were the need for passive im- 
munization to occur in the future. Some 
94% responded satisfactorily to 2 inoc- 
ulations of the combined alum pre- 
cipitated diphtheria and tetanus toxoids 
used in these studies and of the re- 
maining 6%, all but 1 child gave a 
satisfactory response to a third inocula- 
tion. Even after 2 years, nearly half of 
these children had an adequate level of 
tetanus antitoxin and there is no ques- 
tion but that a reinforcing inoculation 
would result in a good response from 
this group on the basis of results re- 
ported by Bigler and Werner’ and 
Miller and Ryan,-’’ when the response 
of the immunized child to such a 
stimulus was measured. 

The general acceptance of the value 
of diphtheria toxoid demanded thor- 
ough investigation before the addition 
of other antigens to this material could 
be advocated. It has long been held 
that a combined immunization against 
diphtheria and whooping cough would 
be most desirable, if it was practicable, 
and the more recent interest in active 
immunization asiainst tetanus has re- 
inforced the need for investigation of 
this problem. The early work of French 
investigators;’--^ ’’: using a combina- 

tion of diphtheria toxoid and typhoid 
vaccine was a hopeful augury for this 
approach to the needs for active im- 
munization in the infant and child 
population. In 19^34 Ingels’’ confirmed 
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French experience by showing that 
90% of a group of 3,000 elementary 
school children had been rendered 
Schick negative by a course of com- 
bined diphtheria-typhoid immuniza- 
tion. Bordet in 1936® was the first to 
report the use of a mixure of diph- 
theria toxoid and pertussis vaccine; but 
he provided no data on immunity tests 
for either disease, nor did he report 
clinical evidence of protection. Since 
1942 a number of studies concerning 
the combination of diphtheria toxoid 
with other bacterial antigens have ap- 
peared and certain of these can be re- 
ferred to as illustrative of the results 
obtained. 

Kendrick-®*^''’ has reported extensive 
field studies involving more than 6,000 
children in which pertussis vaccine has 
been used alone and in combination 
with diphtheria toxoid. Her results 
indicated a satisfactory response for 
both antigens, whether administered 
singly or combined, based upon diph- 
theria antitoxin titers and, in the case 
of pertussis vaccine, upon both labora- 
tory determinations and actual inci- 
dence of whooping cough in im- 
munized and control groups of children. 
These results have been supported by 
Lapin^^*" who administered a combina- 
tion of fluid diphtheria toxoid, alum 
precipitated tetanus to.xoid, pertussis 
vaccine and pertussis toxin to 78 infants 
of 6 to 9 months of age. Deamer et al.^^ 
immunized over 600 infants with com- 
bined diphtheria and alum precipitated 
tetanus toxoids and foimd that, under 
the conditions established, 96% were 
rendered Schick negative. Sauer et aZ.®® 
carried out studies using mixtures of 
botli plain and alum precipitated diph- 
theria toxoid and pertussis vaccine. The 
response, as judged by negative Schick 
tests and strongly positive H. 'pertussis 
complement fixation tests, was very 
satisfactoiy'^ and gave strong support 
to the use of the combined product for 
immunization. The response to the 
alum precipitated mixtures was some- 


what better, particularly as regards 
pertussis antibodies, but the greater 
severity of reactions would tend to 
make the plain mixture the product of 
choice. Miller and his associates-®--^ 
have reported the use of a combination 
of aluminum hydroxide adsorbed 
diphtheria and tetanus toxoids con- 
taining pertussis vaccine in a group of 
126 children. These have shown an e.x- 
tremely good response to the toxoid 
components of the mixture and a fairly 
satisfactory response to the pertussis 
vaccine, which was improved in a 
second group of 103 children by in- 
creasing the dosage of that component. 
In 1946 Foley^'^ reported a study cover- 
ing a 3 year period in which more than 
38,000 children of 6 months to 10 years 
of age were inoculated with combined 
diphtheria toxoid and pertussis vac- 
cine. The protected group in the popu- 
lation showed a tremendous reduction 
in the morbidity from both diphtheria 
and whooping cough as compared with 
the non-protected population and there 
was no mortality from either disease in 
those immunized. Some 3,000 of those 
immunized also received a reinforcing 
inoculation and no case of either dis- 
ease was known to have occurred in 
this group. The results of this extensive 
e.xperience, under field conditions 
where both diphtheria and whooping 
cough were prevalent, allowed the con- 
clusion to be made that the combined 
immunization does not lower the pro- 
tection afi'orded by diphtheria toxoid 
and that it gives appreciable protec- 
tion against whooping cough. Recent 
studies by Bell-®-’’ in which he used an 
alum precipitated mixture of diph- 
theria to.xoid and pertussis vaccine 
have confirmed this impression of im- 
munizing effectiveness, although here 
again the protection established against 
whooping cough is not as effective as 
that produced against diphtheria. 

A matter of some importance in 
regard to combined immunization 
against diphtheria and whooping 
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cough has to do with the need for 
protection against the latter disease at 
the earliest possible opportunity. The 
importance of whooping cough as a 
cause of death in the first year of life 
makes it imperative to establish im- 
munity at an earlier age than has been 
customary in the past for diphtheria 
toxoid in most public health programs. 
Some doubt has been expressed as to 
the effectiveness of active immuni- 
zation when carried out before an in- 
fant is at least 6 months of age. In this 
respect, the report in 1948 of Fleming 
et al.^^ showing a satisfactory response 
to immunization in a group of infants 
averaging 4 months of age would ap- 
pear to be of significance as indicating 
the possibility of producing active im- 
munity against whooping cough at a 
time when it is of greatest value; and 
yet not interfereing with the more 
widely accepted value of active im- 
munization against diphtheria by com- 
bined inoculation at this early age. 

At this point, consideration has been 
given to those procedures carried out 
to produce effective active immuniza- 
tion against two or more bacterial in- 
fections by combination of immuniz- 
ing materials. In the course of these 
studies a number of observations of a 
more general nature have been made 
which demand attention in that their 
importance is such that they will very 
markedly affect any attempt to intro- 
duce combined immunization as an 
acceptable, routine pz'ocedure for 
general use in tlie population. 

One such matter, of concern to phy- 
sicians and laity alike, is the effect of 
mixing of antigens upon the severity 
of reactions, either local or constitu- 
tional, which may be e.xpected to occur 
in patients receiving such materials. In 
1937 Jones and Moss'^-' demonstrated a 
satisfactory immune response in 41 
adults who received 2 inoculations of 
combined alum precipitated diphtheria 
and tetanus toxoids; but thev felt that 
the reaction to the combined material 
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was more severe than when the con- 
stituents were employed individually. 
Peshkin, in his study^®*’ of 65 allergic 
children, stated that the incidence of 
local reactions was about 25/° witli re- 
peated inoculations of combined alum 
precipitated diphtheria and tetanus 
toxoids, but that no allergic reactions 
such as urticaria or astlima were en- 
countered. Sauer et al.^^ reported the 
occurrence of a “sterile abscess” in 2^o 
of injections, using combined alum 
precipitated diphtheria toxoid and 
pertussis vaccine. They felt that this 
was reason for advocating the use of 
the plain mixture, even at some ex- 
pense to the immune response. How- 
ever, these reports of increased severity 
of reaction are definitely in the 
minority. 

Sacquep^e et reported absence 
of marked reactions in seven thousand 
adults who received combined in- 
oculation against typhoid and para- 
typhoid fevers, diphtlieria and tetanus. 
MacLean and Holt-- felt that injection 
of tetanus toxoid and T.A.B. vaccine 
produced no more severe reactions than 
would result from the use of the vac- 
cine alone. Bigler and Werner'^ had the 
same opinion concerning the addition 
of tetanus toxoid to diphtheria toxoid. 
Chen® found that the inoculation of 
combined T.A.B. vaccine and fluid 
tetanus toxoid was less irritating, and 
a more efficient antigen, than alum 
precipitated tetanus toxoid in guinea 
pigs. Lapin, Deamer et and 

Fleming et al.^^ all report the absence 
of severe reactions in infants and chil- 
dren receiving various combinations of 
antigens. This would ajjpear to be 
sufficient evidence to justify the belief 
that mixing of antigens does not in- 
crease the incidence or severitv of re- 
actions to the products and, therefore, 
will be no barrier to their adoption for 
general use. 

question of greater interest has to 
do with the raj)iditv and duration of 
response to combined antigens as com- 
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pared with that produced by the 
individual components of such mix- 
tures. That is, will the reduction of 
material inoculated of each constituent 
in a mhcture, or the necessity of alter- 
ing the spacing or number of inocula- 
tions usually found desirable, have an 
adverse effect upon the immunity level 
attained for each component of the 
mixture? The evidence available pro- 
vides reassurance on this important 
matter. 

MacLean and Holt-- report that 
when tetanus toxoid is combined with 
T.A.B. vaccine and given in 2 inocula- 
tions spaced a month apart, the re- 
sponse to the T.A.B. vaccine was just 
as satisfactory as when T.A.B. vaccine 
is administered at the customary 
weekly interval. Bell has shown-^ that 
failmes to immunize children with 
alum precipitated diphtheria toxoid, 
given in 1 or 2 inoculations, were 3 
times as great as in the case of chil- 
dren who received the same number of 
moculations of a combination of alum 
precipitated diphtheria toxoid and 
pertussis vaccine. The same picture of 
greater effectiveness for the combined 
product could be related to the age at 
which the children were immunized; 
for children, who received 2 inocula- 
tions of the combined product before 
they were 6 months of age, had fewer 
failures to immunize against diph- 
theria than children who received diph- 
theria toxoid alone at any age up to 23 
months. The large-scale field study of 
Foley^'* provides strong evidence that 
combined immunization against diph- 
theria and whooping cough does not 
.ower the protection against diphtheria 
which could be effected by diphtheria 
toxoid alone, nor does it interfere with 
the response to subsequent reinforcing 
inoculations. Various studies-®'-'^ have 
shown satisfactory protection against 
whooping cough over a lengthy period 
of time following combined immuniza- 
tion and similar reports have appeared®’ 
;i.30a,b,3t jjj regard to the level of 


tetanus antitoxin established by this 
method. 

The early opposition to the use of 
combined antigens, provided by the 
supporters of die theory of antigenic 
competition, was swept aside when it 
was demonstrated that concurrent im- 
munization against 2 or more antigens 
could be readily achieved. However it 
has become possible to adopt a more 
positive approach to the use of com- 
bined antigens in the past 2 decades as 
a consequence of the introduction of 
the hypothesis of antigenic synergy. 
The experiments of Ramon and 
Zoeller®®® with mixed vaccines provided 
the basis for this new approach, in that 
the results obtained with combinations 
of antigens were better than could be 
expected from the individual compo- 
nents of such mixtures. Support for tins 
viewpoint was furnished in 1928 by 
Weinberg et when they immunized 
guinea pigs with mixtures of 2 species 
of Clostridia and found that the anti- 
body titers were only slightly lower 
than those observed in controls which 
had received considerably larger doses 
of single antigens. It would be reason- 
able to assume that there is a physical 
limitation placed upon such synergis- 
tic action and in 1941 Bjomeboe'* pro- 
duced evidence that this was the case. 
After demonstrating that rabbits could 
produce specific antibodies for pneu- 
mococcal types inoculated as mixtures 
containing up to 8 different types, he 
showed that animals immunized with 
a combination of 3 types gave higher 
titers for the individual types than did 
animals receiving 4 to-^ t)^es. 

More specific information concerning 
this synergistic effect of mixed anti- 
gens has appeared in recent years. 
Chen in 1933 had shown® that the com- 
bination of tetanus toxoid with T.A.B. 
vaccine had given a better response 
than is obtained with tetanus toxoid 
alone. MacLean and Holt in 1940“ 
found that this increase was 5 fold. 
Reference has already been made to 
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the work of Bell-*'' who reported that a 
mixture of diphtheria toxoid and pertus- 
sis vaccine resulted in fewer failures to 
immunize than was the case with diph- 
theria toxoid alone, and that this en- 
hancement of antigenicity was particu- 
larly well shown in young infants. 
Miller and Ryan,-^ using combined 
aluminum hydroxide adsorbed diph- 
theria and tetanus toxoids with pertus- 
sis vaccine, found a satisfactory re- 
sponse to all components; and the pro- 
longation of a high degree of immunity 
was very striking in this study, for those 
retested 2 to 4 years later were all 
Schick negative and 98% of those tested 
at. this time showed levels of one-tenth 
unit or more of tetanus antitoxin. 

Experiments designed to investigate 
this synergistic aspect of combined im- 
munization in a quantitative manner 
are not numerous. Mathieson in 1942 
reported-® that in guinea pigs the anti- 
genicity of diphtheria toxoid was in- 
creased by administration in combina- 
tion with pertussis vaccine. In rabbits, 
the same product resulted in as good a 
production of agglutinins for H. pertus- 
sis as did pertussis vaccine alone. In 
1947-48, Greenberg and Fleming de- 
scribed^®“>^ a series of e.xperiments 
carried out in guinea pigs, of sufficient 
number and with adequate controls 
for the constituents of various combina- 
tions of antigens, designed to allow for 
statistical analysis of the results. For 
example, 4 mixtures of diphtheria 
toxoid and various concentrations of 
pertussis vaccine were each inoculated 
in 3 different amounts and the response 
to the diphtheria toxoid of each mix- 
ture compared with that given by con- 
trol animals receiving only toxoid of 
identical strength. The results showed 
a consistent increase in the immunizing 
power of the diphtheria toxoid when it 
is inoculated simultaneously witli in- 
creasmg numbers of H. pertussis or- 
(janisms; and the increased efficiencv 
ranged from 216% to 405% as compared 
with the controls. The response to diph- 


theria toxoid was determined by Schick 
testing 19 days after a single inocula- 
tion. On this basis it could be stated 
that when the concentration of pertus- 
sis organisms usually found in commer- 
cial preparations is added to diphtheria 
to.xoid, the immunizing efficiency of 
the latter is at least doubled. When a 
third antigen, such at tetanus toxoid or 
scarlet fever to.xin, is added to this 
combination, the immunizing efficiency 
of the diphtheria toxoid is increased 5 
to 10 fold. As might be expected, tlie 
potentiating effect of the presence of 
other antigens was not demonstrated 
for the response to pertussis vaccine 
itself, since that agent is already in a 
particulate state. Additional studies of 
tlie same character carried out in 
infants*® confirmed these quantitative 
results in so far at least as combinations 
of diphtheria and tetanus toxoids and 
pertussis vaccine are concerned. 

It would seem possible to state that 
at this time there is general acceptance 
as to the feasibility and value of com- 
bined immunization for prophylaxis 
against a number of bacterial infec- 
tions of major importance in all seg- 
ments of the population. It is also quite 
certain tliat a great deal yet remains to 
be done in order that such procedures 
may be introduced in a way to confer 
the greatest possible benefits from their 
use. Adequately controlled studies 
must be undertaken to establish size 
and number of inoculations and to de- 
termine the time element tliat provides 
for the most effective response to such 
inoculations. The discovery of anti- 
genic synergy requires further investi- 
gation, since it provides a most hopeful 
indication that smaller dosage will re- 
suit in a satisfactory' immune response 
and will, at the same time, reduce the 
possiblity of severe reactions in the im- 
munized individual. Further informa- 
tion is needed concernin'! the advan- 
tages and limitations of plain, alum 
precipitated, and aluminum hydroxide 
adsorbed products for use in combined 
form. 



354 


PROGRESS OR MEDICAL SCIENCE 


The work reported to date has 
covered such a wide field, and has been 
carried out under such different con- 
ditions, that information on many im- 
portant aspects of combined immuni- 
zation is scanty or altogether lacking. 
This same set of circumstances has 
made comparison of experimental re- 


sults very difficult or unsatisfactory. 
However, the stage of investigation has 
now been reached where intensive and 
adequately controlled studies of more 
limited problems can be undertaken 
and it is certain that a definite advance 
in the use of combined bacterial anti- 
gens will thereby result. 


REFERENCES 

U.) Ando, K., and Nagata, S.: J. Immunol., 29, 47, 1935. 

(2.) Bell, J. A.: (a.) J. Am. Med. Assn., 137, 1009, 1948; (b.) Ibid, p. 1276. (3.) Bigler, J. A., 
and Werner, M.: J. Am. Med. Assn., 116, 2355, 1941. (4.) Bjomeboe, M.: Zeit. f. Immuni- 
tatsforsch, 99, 245, 1941. (5.) Bordet, J.: Bruxelles med., 16, 503, 1936. (6.) Boyd, J. S. K.: 
Lancet, 1, 113, 1946. 

(7.) Castellani, A., and Mendelson, R. W.: Brit. Med. J., 2, 711, 1915. (8.) Castellani, A.: 
Trans. Soc. Trop. Aled. and Hyg., 9, 25, 1915. (9.) Chen, W. K.: Proc. Soc. Exp. Biol, and 
Med., 31, 334, 1933. (10.) Cooke, J. V.: South. Med. J., 31, 158, 1938. 

(11.) Deamer, W. C., Bates, G., and Smyth, F. S.: J. Pediat., 20, 169, 1942. (12.) Dopter, 
M.: (a.) Bull. Acad, de Med., Paris, 107, 676, 1932; (b.) Ann. Inst. Pasteur, 50, 446, 1933. 

(ik) Fleming, D. S., Greenberg, L., and Beith, E. M.: Canad. Med. Assn. J., 59, 101, 1948. 
(14.) Foley, A. R.; Canad. J. Pub. Health, 37, 259, 1946. (15.) Friedberger, E.: Berlin klin. 
Woch., 41, 242, 1904. 

(16.) Greenberg, L., and Fleming, D. S.: (a.) Canad. J. Pub. Health, 38, 279, 1947; (b.) Ibid., 
39, 131, 1948. 

(17.) Hitch, F. G., Ashcroft, L. S., and Green, C. A.: J. Hyg., 43, 207, 1943. 

(18.) Ingels, A. B.: Am. J. Pub. Health, 24, 1054, 1934. 

(19.) Jones, F. G., and Moss, J. M.: (a.) J. Immunol, 33, 173, 1937. (b.) J. Lab. and Clin. 
Med., 24, 512, 1939. 

(20.) Kendrick, P. L.s (a.) Am. J. Pub. Health, 32, 615, 1942. (b.) Am. J. Hyg., 38, 193, 1943. 
(21.) Lapin, J. H.: (a.) Am. J. Dis. Children, 63, 225, 1942. (b.) J. Pediat., 22, 439, 1943. 

(22.) MacLean, I. H., and Holt, L. B.: Lancet, 2, 581, 1940. (23.) Mathieson, D. R.s abstract, 
J. Bact., 43, 81, 1942. (24.) Michaelis, L.: Deut. med. Woch., 30, 1240, 1904. (25.) MiUer, 
J. J., Jr., and Saito, T. M.: J. Pediat., 21, 31, 1942. (26.) Miller, J. J., Jr., Humber, J. B., 
and Dowrie, J. O.: J. Pediat., 24, 281, 1944. (27.) Miller, J. J., Jr., and Ryan, M. L.: Pediat., 

1, 8, 1948. (28.) Montgomery, L. C.: Canad. Mek Assn. J., 59, 211, 1948. 

(29.) Official History of the War. Medical Services. Pathology. H. M. Stationery Office, Lon- 
don, 1923. 

(30.) Peshkin, M. M.: (a.) Am. J. Dis. Children, 62, 9, 1941; (b.) Ibid., p. 309. (31.) Pratt, 
E. L.: J. Am. Med. Assn., 129, 1243, 1945. 

(32.) Ramon, G., and Zoeller, C.: (a.) Bull. Acad, de Med., Paris, 95, 104, 1926. (b.) Presse 
med., 34, 485, 1926. (c.) Paris-Med., 1, 539, 1926. (d.) Bull, et Mem. Soc. Med. Hop. Paris, 50, 
1370, 1926. (e.) Comp. Rend. Soc. de Biol, 94, 106, 1926. (f.) Ann. Inst. Pasteur, 41, 803, 1927. 
(33.) Ramon, G.: New Int. Clinics, 1, 241, 1939. 

(34.) Sacquepee, E., Piled, M., and Jude, A.: Bull. Acad, de Med., Paris, 116, 202, 1936. 
(35.) Sauer, L. W., Tucker, W. H., and Markley E.: J. Am. Med. Assn., 125, 949, 1944. (36.) 
Scheibel, I. F.: Acta Path, et Microbiol. Scand., 21, 130, 1944. (37.) Schutze, H.: Lancet, 

2, 192, 1940. (38.) System of Bacteriology in Relation to Medicine. H. M. Stationery Office, 
London, 4, 51, 1929. 

(39.) Weber, R.: Zeit. f. Hyg. u. Infektionskr., 82, 351, 1916. (40.) Weinberg, M., Davesne, 
J., and Sanchez, C.: Compt. Rend. Soc. de Biol, 99, 18^, 1928. 

(41.) Zlatogoroff, S. I., Glusmann, M. P., and Kandyba, L.: Zeit. f. Hyg. u. Infektionskr., 

] 10, 706, 1929. 



PHYSIOLOGY 


PROCEEDINGS OF 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 

SESSION OF DECEMBER 21, 19-18 


The Response Pattern of the Pacinian 
Coi-puscle. Donald Scott, Jr., M.D., 
Ph.D. (Johnson Foundation for Med- 
ical Physics, Univ. of Penna.). It is pos- 
sible to dissect the Pacinian corpuscle 
in the mesentery of the cat so that elec- 
trical records of its activity are easily 
obtained while it is still receiving its 
normal circulation. Stimulation of this 
corpuscle can be effected by means of: 
(1) a steady pressure of 5 to 30 mg. 
with a glass rod, or (2) a vibratory 
stimulus which may be in the form of 
an audible tone, or ( 3 ) a change in the 
electrolyte balance of the cell fluid by 
such means as application of isotonic 
sodium citrate. The response to such 
stimulation of a single corpuscle is in 
the form of a series of impulses which 
are each separated from the next ad- 
jacent impulse by an interval which is 
about 3 to 5 m.secs. in length or some 
simple multiple thereof. This interval 
corresponds to tliat found by Brink in 
peripheral nerve when treated with iso- 
tonic citrate solution and may be re- 
garded as a fundamental oscillatory 
variation in the e.xcitability of the cor- 
puscle. Careful examination of the rec- 
ord between two impulses separated by 
several fundamental intervals shows 
small potentials which appear to be 
subthreshold electrical changes in the 
corpuscle having the same fundamental 
interval as the conducted responses. 
The length of this interval can be al- 
tered bv the strength of stimulation: it 
being shortest when a strong stimulus 
is applied and the response rate is high. 
Using a pure tone from an oscillator it 
is possible to map the response thresh- 
old of the corpuscle as it varies with 
frequency and it is found that there is 
a sharp “\allev” in this curve at a fre- 
quency corresponding to the length of 


the fundamental interval and a second 
“valley” at a frequency corresponding 
to the first harmonic of this funda- 
mental frequency. Using a very strong 
stimulus it is possible to obtain im- 
pulses separated by less than the fun- 
damental interval ( in fact these appear 
to be separated by only the refractory 
period of the corpuscle) and in this case 
it appears that with strong stimuli one 
can produce two responses during a 
single fundamental interval. 

Do Anesthetics Depress Nerve Cells 
by Depressing Their Metabolism? Ob- 
servations on Sympathetic Ganglia. 
Martin G. Larrabee, Ph.D. (Johnson 
Foundation, Univ. of Penna.). Rela- 
tionships between the effects of anes- 
thetics on the metabolism and on the 
functioning of nerve cells were investi- 
gated by simultaneous measurements 
of o.xygen consumption and synaptic 
transmission by sympathetic ganglia of 
rabbits. 

A ganglion was e.xcised and placed 
in flowing solution in a small Incite 
chamber. Rate of o.xygen consumption 
was determined by measuring with a 
polarized platinum electrode the rate 
of fall of o.xygen concentration in the 
chamber when the flow of solution was 
stopped. Synaptic transmission was 
measured by the height of the action 
potential in the postganglionic nerve 
caused by impulses discharged from 
ganglion cells in response to volleys of 
preganglionic nerve impulses. 

Chloretone, nembutal, ethyl alcohol, 
and several higher alcohols were all 
able to depress o.xygen consumption, 
but this occurred only at concentrations 
higher than those required to depress 
svnaptic transmission. EthvI urethane 
slowed the o.xygen consumption by a 
small amount, the magnitude of which 
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did not increase as the concentration 
was raised from levels which did not 
effect transmission up to those which 
blocked it. As a control it was shown 
that rate of oxygen consumption could 
be considerably reduced by sodium 
azide without depressing synaptic 
transmission. 

These facts are difficult to reconcile 
with the hypothesis advanced by others 
that anesthetics depress the functional 
capacity of nerve cells by interfering 
with their metabolism. 

Oximeter Control of the Induced 
Anoxemia Test of Cardiovascular Func- 
tion. Raymond Penneys, M.D., and 
Caroline Bedell Thomas, M.D., 
(Depts. of Prev. Med. and Med., Johns 
Hopkins School of Med.). Further ex- 
periences -with oximeter control of in- 
duced anoxemia^ are presented. Analy- 
sis of the inspired gas- showed that the 
oxygen concentration had to be almost 
constantly altered to maintain a given 
arterial oxygen saturation. The oxygen 
concentration necessary to produce a 
saturation of 75% varied from 8.3 to 
12.4%. To keep one particular subject at 
80% arterial saturation, for example, 
9.5% Oo was necessary at one moment 
and, 13.5% just a few minutes later. 

This method of producing a constant 
arterial oxygen saturation by the ad- 
ministration of a gas of variable O 2 
concentration was used in 92 anoxemia 
tests on 72 normal persons. Practically 
all subjects could be induced to the de- 
sired levels of anoxemia at a standard- 
ized rate: 5 minutes from 95 to 80%, 
II 2 minutes from SO to 75% or from 75 
to 70%. The subject was then main- 
tained at each level for the desired 
length of time. Blood pressure, pulse 
and electrocardiogram were taken at 


each level. Maximum RS-T change at 
80, 75 or 70% was 1 mm. in any one 
lead or 2 mm. for Leads 1 to 4. The 
T wave was depressed with progressive 
lowering of the saturation. The degree 
of the depression correlated well with 
the level of saturation. T 3 or 4 was 
occasionally reversed. No “positive’' 
tests for coronary disease were obtained. 
The heart rate increased with lowering 
arterial saturation; the increase was 
greater and more consistent as 70% was 
reached. The average systolic and dias- 
tolic blood pressure increased slightly 
at all levels of saturation. The physio- 
logical advantages of oximeter con- 
trolled anoxemia are discussed. 

1. Bull. Johns Hopkins Hosp., 82, 470 
1948. 

2. In conjunction with Ross L. McLean, 
M.D., Dept. Med. 

Relation of Number of Metastases 
to Size, Niunber and Dmration of Pri- 
mary Tumors. I. Zeidman, M.D. (Path- 
ology Dept., Univ. of Penna. Med. 
School ) . Experiments were designed to 
determine the effect of primary tumor 
size, number of tumors, and duration 
of tumor on the number of metastases. 
A transplantable fibrosarcoma, T-241,. 
was inoculated into one or both flanks 
of C-57 mice. Pairs of mice bearing 
single tumors and pairs bearing double 
tumors were sacrificed at various inter- 
vals between 9 and 26 days after the 
inoculation of the tumor.The tumor 
volumes were measured and the lung 
metastases were counted. There was no 
significant relationship between num- 
ber of lung metastases and primary 
tumor volume or number of primary 
tumors. The correlation between num- 
ber of metastases and duration of pri- 
mary tumor growth was strongly 
positive. 
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The Digestive Tract in Roentgenology. 
By Jacob Buckstein, M.D., Ass’t Prof, of 
Clinical Medicine, Cornell Univ. Med. Coll. 
Pp. 889; 1030 ills. Phila.: J. B. Lippincott, 
1948. Price, $16.00. 

This book is one of the best that I have had 
an opportunity to review. The author, in his 
first book, did a magnificent piece of work 
and in this instance he has improved on it in 
many ways. Most of the commonly known 
facts concerning the gastro-intestinal tract are 
discussed as well as many of the rare condi- 
tions. This book is the type of book that 
should be on the desk of every radiologist 
and every gastro-enterologist. Many of those 
interested in general medicine will find it 
informative. 

The reviewer has only one suggestion— that 
a chapter on the technique of fluoroscopy and 
radiography as it concerns the gastro-enterol- 
ogist be included in further editions. In this 
detailed comments on protection of the pa- 
tient and of the operator from over-e.\posure 
should be included. A book such as this one 
will have wide use and many people will 
attempt to do fluoroscopy who are not ade- 
quatelv informed about its dangers. The print 
is excellent and the illustrations are good. 

^E. P. 

Drug Research and Development. Edited 
by Austin Smith, M.D., Director, Division 
of Therapy and Research, /Vmerican Med- 
ical Association, and Arthur D. Herrick, 
Food and Drug Consultant, Attorney, and 
Author. Pp. 608. New York: Revere, 1948, 
Price, $10.00. 

Today few persons interested in the devel- 
opment of drug therapy have a clear picture 
of the operations involved in formulating, 
testing and marketing a new fonnula. To 
make available a reasonably detailed survey 
of these steps in drug research and develop- 
ment, the editors of this volume have called 
upon their own knowledge and that of 16 
other recognized experts in fields ranging 
from phannacologx' through patent and trade- 
mark law to advertising and price mainte- 
nance. For example. M. L. Tainter presents in 
33 pages an excellent discussion of laboratorv 
research, including purpose, obieclives and 
general plan of organization, the ts^ies of 
research and development and an able de- 
fense of the use of animals in rese.arch. 

At the other end of the line. C. S. Dowas 
explains in 42 pages the objectives of adver- 
tising, the media used (s.ample, direct mail, 
and professional ioum.Tls), the methods of 


determining proper appropriations, and other 
lesser aspects. 

The authors are to be compUmented for 
the manner in wliich they have presented 
the over-all picture of each topic as well :is 
brief diseussions of its most important pro- 
cedures and problems. Their success can be 
attributed to tlieir conscientious avoidance of 
generahties. The book is enthusiastically rec- 
ommended to anyone desiring a balanced 
background in the many operations which 
make a modern drug available to the physician. 

F. B. 

Symposia on Nutrition. Vol. I. Nutritional 

Ane.mia. Edited by Arthur Lejwa. Pp. 

194. Illustrated. Cincinnati, Ohio: Robert 

Gould Research Foundation, 1947. Free. 

on request. 

This volume comprises a brief preface by 
the Editor, Introductory remarks by E. V. 
McCollum and chapters by Wintrobe, El- 
vehjem. Darby, Zuelzer, Schultze, Cart- 
wright, Moore, Guest, Sebrell and Vilter 
each representing a contribution to a Sym- 
posium on Nutritional Anemia organized by 
the Gould Foundation and held in Cincinnati 
under auspices of The College of Medicine 
of the University of Cincinnati in October 
1947. It is an excellent summary of the known 
data at that time. The symposium was pre- 
sented a few montlis too soon to include no- 
tice of “B-12” which constitutes an imixirtant 
new chapter for tlie next edition. This little 
volume is unreservedly recommended to all 
“indiwduals and organizations interested in 
nutritional problems" and especially to all 
students of clinical hematology. 

■ T. F., Jr. 

Deep Analysis. By Ch.vrles Berg, M.D. 

(Lond.), D.P.M. Pp. 254. New York: W. 

W. Norton, 1947. Price, $3.50. 

Deep .\nalysis ls a brave attempt. How- 
ever, it falls far short of success. The author 
does not reveal what moved him to write this 
book. The jacket “blurb”, however, affinns 
that being dissatisfied with the short c.lso 
descriptions which abound in psvchialric lit- 
erature, he undertook to write “a complete 
Freudian analysis of a single c.ase.” The fenn 
“complete” is in this instance l>oth trickv and 
frustrating, for the book is most certainly not 
complete (i.c. fully adequate), either as a 
c.ise record, or .as an exposition of "what goes 
on” bchveen anal\-st and patient. Time and 
again the author writes, as indeed he could 
not but write, “space will not admit . . . 
complete exposition;" "space will not permit 
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a recital of . . “many excellent dreams 
and their associations will have to be omitted.” 
And toward tlie end is to be found this frank 
admission; “Notwithstanding all the care and 
compendiousness of our transcription of this 
analysis, as we have not ourselves been able 
to experience emotionally what the patient 
under analysis experienced, we remain in- 
finitely short of a true revelation of the daily, 
hourly, minutely details in all their volumi- 
nousness— details which the subject of analysis 
alone can emotionally experience, and in 
which alone can lie the appreciation of some- 
thing as indescribable as life itself’ (p. 230). 

In this rather long and poorly constructed 
sentence the author confirms what Freud 
said more succinctly: “It does not lend it- 
self to demonstration". “One learns it on 
‘one’s own hide’”. 

Deep Analysis is a brave attempt, because, 
even though unsuccessful, it tried to do what 
to my knowledge no other author has at- 
tempted, and that is to reveal the dynamics 
of treatment and recovery in a given case. 
That is a much more difficult task than to 
describe in general terms the theory of psy- 
chotherapy. To be effective in such an effort 
the descriptive encompassment would need 
to embrace the therapist as well as the path- 
ology and the patient. That means that the 
writer of such a book would have to "get 
behind" both, the therapist and the patient, 
and e.\temalize his appreciation of what he 
does to and with the patient (and vice versa) 
and why. Most orthodox analysts— and Dr. 
Berg appears to be strictly orthodox— find 
such a task difficult, if not impossible. Hence 
Dr. Berg’s confession: “In some of our ap- 
parently most successful cases analyst as well 
as patient are both befogged as to the mech- 
anism which produced results which were 
beyond their dreams” (p. 229). I. G. 


Advances in Biological and Medical Phys- 
ics. Vol. I. Edited by John H. Lawbence 
and J. G. Hamilton, Division of Medical 
Physics, Univ. of California. Pn. 484. Il- 
lustrated. New York: Academic Press, 1948. 
Price, $8.60. 

This text consists of a series of articles on 
various aspects of radioactivity, written by 
some of the foremost research workers in the 
field. Among numerous topics considered arc 
the use of isotypes in clinic.al and experi- 
mental medicine, the physics of radioactivity, 
results of in vivo studies on metabolism with 
nitrogen and carbon isotopes, instruments 
i«cd in detection of radioactivity, and recent 
discoveries made by the use of radioactive 
phosphonis, iron, and iodine. Also included 
.are chapters devoted to radiation protection, 
and effects of the atom bomb on the Japanese. 


Each topic is carefully and thoroughly ex- 
pounded, and many new developments are 
described and correlated. I. Z. 


An Introduction to Medical Mycology, 
By George M. Lewis, M.D., and Mary E. 
Hopper, M.S., Cornell Univ. 3d edition. 
Pp. 336; 103 ills. Chicago; Year Book Pub- 
lishers, 1948. Price, $8.50. 

In less than 10 years, this book has gone 
tlirough 3 editions. Like its predecessors, the 
first part deals with the clinical, theoretical, 
and experimental phases of the subject, and 
the second part outlines pertinent laboratory 
procedures. This volume is a few pages longer 
than the second and contains more illustra- 
tions. Its format retains the good qualities of 
the preceding editions; the price, however, 
is higher. It is suggested that bold face head- 
ings would help the reader in locating the 
material presented and illustrations of the 
reproductive forms of fungi would help to 
clarify the later illustrations for the novice. 

This is still the most practical volume in 
English available to the dermatologist who 
is not a specialist in mycology. H. B. 


An Introduction to the History of Den- 
tistry. By Bernhard Wolf Weinberger, 
D.D.S., Prof, of Dental History and Litera- 
ture, New York College of Dentistry. In 2 
vols. Pp. 514 and 408; 177 and 136 ills. 
St. Louis: C. V.Mosby, 1948. Price. $20.00. 
These volumes are separate though related 
works. In the first. Dr. Weinberger considers 
dentistry from its earliest period to the end 
of the 18th century. The second is concerned 
with dentistry in America from 1620 to the 
middle of the 19th century. Dr. Weinberger’s 
collection of dental bibliographical and his- 
torical material is probably the most complete 
in existence. This and many other sources 
have been tapped for the numerous renroduc- 
tions of original title pages, dental advertise- 
ments, wood cuts, et cetera, which deoict the 
gradually accumulating knowledge of dental 
anatomy, physiology, pathology and therapy. 

The beginnings of dentistry are lost in the 
obscurity of prehistoric man. Nevertheless, 
that dental problems existed is indicated by 
examination of skulls and teeth which have 
been recovered by archeologists. Not only are 
fractured teeth and jaws found but also un- 
erupted and malposed teeth. Caries of the 
teeth was not so rare among primitive peoples 
as is commonly reported. The relief of pain 
from toothache led to the knocking out of 
teeth and eventually to more refined methods 
of extraction. The replacement of lost teeth 
by natural or artificial subshtutes was a next 
step. Gold castings cemented into the teeth 
were used by Soudi American Indians for 
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adornment centuries before metals were used 
for the treatment of dental caries. All this and 
much more is woven into a background of 
the history, folklore, medical theory and prac- 
tice of many races of people down through 
the Middle Ages to the Renaissance and the 
beginnings of the biological sciences upon 
which the practice of modern medicine and 
dentistry is based. In the final section of the 
first volume the rise of dentistry as an inde- 
pendent profession and the coincidental 
growth of dental literature is described. 

The development of dentistry in America 
is documented in greater detail. There are 
chapters on early dentists including Paul Re- 
vere. Other chapters are concerned with 
George Washington from the point of view 
of his numerous dental difficulties, and of 
Charles Wilson Peale, the artist, who was led 
to the manufacture of porcelain teeth in order 
to restore a more natural appearance to the 
face of his distinguished client, Washington. 
Much material of an incidental historical in- 
terest is included. 

There are indices of personal names as well 
as of subject matter. These books are a most 
valuable contribution to the history of den- 
tistry. P. B. 

MiDwiFEnv. By Ten Teachers, under the 
direction of Clifford White. 8th ed. Pp. 
560; 217 ills. Balt: Williams & Wilkins, 
1948. Price, $6.00. 

This condensed text has had a well-merited 
popularity e.xtending over a period of 30 
years. Emphasis is placed on the practical 
side of the subject E.xposition is logically 
planned and coordinated. The style is uni- 
formly lucid and concise. In this edition, 3 
of the original “teachers” have yielded to 
younger successors. C. B. 

The Clinical Application of Psycholog- 
ical Te.sts. By Roy Schafer, M.D. Men- 
ninger Foundation Monograph Series No. 6. 
Pp. 346. New York: International Universi- 
ties Press, 1948. Price, $6.73. 

Workers in individual adjustment will find 
much of interest in this Monograph. From the 
method of presenting the performance on a 
series of psychological tests bv patients suf- 
fering from different types of mental illness, 
rounded pictures of the different pathological 
svndroines emerge, illustrating characteristic 
thought and affective processes in each type 
of illness. 

The first third of the book develops diag- 
nostic summaries of 11 pathologiciil states 
and several sub-classes. The diagnostic sum- 
maries, as well as the case studies which con- 
stitute the last two-thirds of the book, are 
b.ised upon the psychological tests now used 
at the Menninger Foundation. 

Ten minutely detailed and 10 more briefly 
summarized case reports form a valuable ad- 


dition to the collections of cases already 
available in the standard works of Klopfer, 
Beck and Murray. 

Mr. Schafer’s work is careful and timely. 
It will be useful both as a reference volume 
and as a teaching medium. R. C. 

NEW BOOKS 

A.M.A. Interns’ Manual. By The American 
Medical Assoclxtio.n. Pp. 209. Phila.: W. 
B. Saunders, 1948. Price, $2.25. 

Prepared by several of tlie Councils of the 
A.M.A., this book is designed to help orient 
tlie intern in his hospital duties. There are 
9 sections: information relative to internships 
and residences; clinical and laboratory data; 
drug administration; useful drugs; treatment 
of poisoning; diet and nutrition; physical 
medicine; legal aspects of internship; organ- 
ization of the American Medical Association. 

G. R. 

The Autobiography of Benjamin Rush, His 
Travels Through Life together with his 
Commonplace Book for 1789-1813. Edited 
by George W. Corner for the American 
Philosophical Society. Pp. 399; 13 ills. 
Princeton, N. [.: Princeton Univ. Press, 
1948. Price, $6.00. 

The “Travels Through Life, an account of 
sundry incidents . . . written for the use of 
his children”, covers up to 1800, thirteen years 
before his death. The random notes of the 
Commonplace Books, or diaries, are equally 
revealing of this observant, vivid and com- 
plex personality. No small part of the value of 
this careful compilation by a well known 
writer on medical history is to be found in 
the Introduction, tlie 4 Appendices, and the 
copious footnotes and editorial comments. 

E. K. 

Fundamentals of Pstjchoanahisis. Bv Franz 
ALE.K<vNDEn, M.D., Clinical Prof, of Psy- 
chiatry, Univ. of Illinois. Pp. 312. New 
York: W. W. Norton, 1948. Price, $3.75. 
This book replaces, natural!)’ with many 
changes, part of the author’s “The Medical 
Value of Psycho.analysis”, the 2d edition of 
which appeared 11 years ago. Its main object 
is “a comprehensive presentation of fund,i- 
mental tlieorv’ and its application to treat- 
ment.” 

The Clinical Management of Varicose Veins. 
By David Woou-olk Barrow, M.D. Pp. 
15.3; 58 ills. New York: Paul B. Hoeber, 
1948. Price, $3.00. 

On a b.Tsis of some 2500 observations on 
p.itients or their records, the autlior builds a 
dyiuunic picture of the development of vari- 
cose veins, their complications and how tliey 
should be treated. 



360 


BOOK REVIEWS AIR) NOTICES 


Mineral Nutrition of Plants and Animals. Bv 
Frank A. Gilbert, Ph.D. Pp. ISl. Illus- 
trated. Norman: University of Oklahoma 
Press, 1948. Price, §2.75. 

Health Progress, 1936 to 1943. A Supplement 
to 25 Years of Health Progress. By Louis 

I. Dublin, Ph.D. Pp. 147. New York: Met- 
ropolitan Life Insurance Company, 1948. 
No price. 

Liver Injury. Transactions of the 7th Con- 
ference, January 15, 16, 1948. Pp. 95; 15 
iUs. Price, $1.50. Blood Clotting and Allied 
Problems. Transactions of the 1st Con- 
ference, Feb. 16-17, 1948. Pp. 179. Price, 
§3.25. Factors Regulating Blood Pressure. 
Transactions of the 2nd Conference, Jan. 
8-9, 1948. Frank Fremont-Smith, Medical 
Director. Pp. 170. Illustrated. New York; 
Josiah Macy, Jr. Foundation. Price, §2.75. 

A Doctor Talks to Teen-Agers. By William 
S. Sadler, M.D., F.A.P.A., Consulting 
Psychiatrist, Chicago. Pp. 379. St. Louis; 
C. V. Mosby, 1948. Price. $4.00. 

This book, based on the author’s experience 
and “directed personally to young folks”, 
contains considerable information of practical, 
theoretical and idealistic nature that will be 
found useful and perhaps inspiring, not only 
to teen-agers tliemselves, but to physicians, 
parents, and others who are concerned ivith 
understanding and counselling young people. 

W. P. 

NEW EDITIONS 

Diabetic Manual. By Elliott P. Joslin, 
M.D., Sc.D., Clinical Prof, of Medicine, 
Emeritus, Harvard Medical School. 8th ed. 
Pp. 260; 51 ills. Phila.: Lea & Febiger, 
1948. Price, $2.50. 

Textbook of Anaesthetics. By R. J. Minnitt, 
M.D,, Royal Liverpool United Hospital, and 
John Gillies, M.C., Univ. of Edinburgh. 
7th ed. Pp. 568; 229 ills. Balt.: Williams & 
Wilkins, 1948. Price, §8.00. 

This book continues to increase in size-^0 more 
pages in this edition. New material is presented 
on the XQcdico-lcgal aspects of anesthesia, curorc 
and regional anesthesia. There is a good bit of 
useful information available. R. D. 

Control of Pain in Childbirth. By Clifford 
B. Lull, M.D., and Robert A. Hincson, 
M.D. Introduction by Norris W. Vau.v, 
M.D. 3d. ed. Pp. 522; 170 figs. Phila.: 

J. B. Lippincott, 1948. Price, $12.00. 

Outline of Histology. By Margaret M. Hos- 
ki.ns, Ph.D., and Gerrit Bevelandeb, 
Ph.D., New York Univ. 2d ed. Pp. 112; 58 
ills. St. Louis: C. V. Mosby, 1948. Price. 
§3.50. 


An Introduction to Materia Medica and Phar- 
macology. By Elsie E. Krug, R.N., M.A., 
and Hugh Alister McGuigan, Ph.D., 
M.D. 5th ed. Pp. 558; 37 ills., 15 color 
plates. St. Louis: C. V. Mosby, 1948. Price, 
$4.00. 

A useful book especially designed for student 
nurses. 

Organic Chemistry. By Eldin V. Lynn, Ph.D., 
Prof, of Chemistry, Massachusetts College 
of Pharmacy. 3d ed. Pp. 355. Phila.: Lea 
& Febiger, 1948. Price, $5.00. 

Diseases of the Adrenals. By Louis J. Soffer, 
M.D., Ass’t. Clinical Prof, of Medicine, 
Columbia Univ. 2d ed. Pp. 320; 45 iUs., 
3 color plates. Phila.: Lea & Febiger, 1948. 
Price, §6.50. 

This book is an interesting and concise 
monograph, dealing with all aspects of the 
adrenals but with emphasis on the clinical 
manifestations ofvadrenal disease. The new 
material in this edition includes the clinical 
and experimental data on pituitary-adreno- 
cortical function which have been accumu- 
lated in various medical .centers during the 
last few years.' I. Z. 

An Introduction to Gastro-Enterologij. By 
Walter C. Alvarez, M.D., Prof, of Medi- 
cine, Univ. of Minnesota. 4th ed. Pp. 903; 
269 ills. New Yoik: Paul B. Hoeber, 1948. 
Price, §12.50. 

This edition (2d under its new title) rep- 
resents an improvement over the 3d in that 
it includes many additions to the sections on 
intestinal innervation, the functions of the 
colon and flatulence; also it covers adequately 
the subjects of electro-enterograms and vago- 
tomy. The text, like that of all Alvarez’ writ- 
ings, is easy to read, and many e.\cellent 
illustrations are included. The physiological 
discussions of many gastro-intestinal prob- 
lems are clear and convincing. An extensive 
bibhography of about 2800 references adds 
greatly to its value. It' will be found particu- 
larly helpful to those investigators in gastro- 
enterology who need a reference guide to the 
important hterature. J. H. 

Principles and Practice of Ophthalmic Sur- 
gery. By Edmund B. Spaeth, M.D., Prof, 
of Ophthalmology, Graduate School of 
Medicine, Univ. of Penna. 4th ed. Pp. 
1044; 649 ills., 8 color plates. Phila.; Lea & 
Febiger, 1948. Price, $15.00. 

Tms hrst post-war edition o/ what has already 
been called in these columns the best book on the 
subject in the English language contains much 
new material on, inter alia, plastic surgery, plastic 
enucleation, paralytic sQuint, eaophthahnos, radium 
therapy and similar subjects. It is 1 10 pages larger 
than the 3d edition (1V44), Its high standards of 
breadth of scope and clarity of text, excellent illirs- 
trations, and good bookmaking arc well maintained. 
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There is difficulty in considering 
high temperature by itself because it is 
so closely associated with the symp- 
toms of infection. As a ru’e the high- 
est readings are found in the most 
severe stages of the worst fevers. They 
are accompanied by all the manifes- 
tations of to.xemia acting upon a patient 
weakened by partial starvation. 

Pligh temperature in itself can 
damage tissues but it is hard to esti- 
mate the level at which each particular 
organ is injured. E.xceptional patients 
have survived temperatures of 113° F. 
(45° C. ) but there are not many who 
live more than a few days or weeks 
after the temperature has reached 
107° F. (41.7° C.). We know from the 
work of fever therapists that persons 
in good condition can stand 107.6° F. 
(42° C. ) for periods of S to 10 hours 
but this is close to the upper limit of 
tolerance. Temperatures within 2 
degrees of this danger level are seldom 
found in fever. Why are readings of 
106° F. rare? 

The facts at our command can be 
best explained by assuming that the 
temperature regulating mechanism 
functions well at the higher thermo- 
static le\el set by the particular dis- 

•Thirty-first Mellon Lt'clure presentixl Ik fore the 
Unisersily of ihttshui^^h, May 19 IS. 


ease. There must be an emergency 
mechanism that strongly resists the 
approach to levels that threaten life. 

Moderately high temperature around 
104° F. (40° C.) cannot be regarded 
as dangerous or even deleterious, inas- 
much as it is the level found in athletes 
during hard exercise. Muscles are most 
efficient at this temperature. Patients 
in good condition adjust themselves 
well to moderate fever. We noted this 
in the old days in Bellevue Hospital 
when there were still many typhoid 
patients. If they were able to take a 
well balanced, high-calory diet they 
were so clear mentally that with tem- 
peratures of 104° F. they sat propped 
up in bed reading the newspaper every 
morning. 

There is still much to be learned 
about temperature regulation in health 
and e\'en more to be learned about 
fever. We are quite ignorant regarding 
the details of the chemical, electrical 
and physical reactions which occur in 
the hypothalamus and skin in response 
to changes in temperature. It is by 
delicate adjustments in these tissues 
that the balance between heat loss and 
heat production is maintained. W'e 
know little about the causation of fever 

Society for liioUuic.iI Hoc-iitii. Sci.ixjl of 
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and the manner in which fever pro- 
ducing substances affect the level of 
thermostatic control. A study of high 
fever may throw light on this control. 

There is an extensive literature on 
temperature regulation reviewed by 
Thauer** and by Ranson and Magoun.'^*® 
In a recent small monograph on fever, 
DuBois® has published 2 graphs indi- 
cating the limits of body temperature. 
The first gives the range found in 
normal persons with a lower limit of 
96° F. (35° C.) for early morning in 
cold weather and an upper limit of 


upper safe limits of body temperature. 
Most mammals have temperatures be- 
tween 97 and 102° F. with upper safe 
limit of 107 to 110° F. Birds with more 
labile normal, 105 to 107° F., have an 
upper safe limit of 113° F. Lee speaks 
of the considerable species difference 
with little obvious evolutionary plan 
and no high correlation of normal with 
upper lethal body temperature. 

In an article on body temperature 
prepared in 1939 DuBois® recorded the 
rectal temperature readings of 100 un- 
selected patients in the medical wards 



Fig. 1.— AU the axillarj’ temperature readings above 39® C. in the 82 fever charts in the appendne to 
Wunderlich’s book on The Temperature in Diseases, 1871. The ordinates give the number of readings at each 
level of temperature. 


104° F. (40° C.) for the rectal tem- 
perature of athletes after hard exercise. 
In the second graph he has tried to 
show the limits of human survival. The 
lower limit is about 74° F. (23° C.) 
and the upper about 113° F. (45° C.). 
Only a few persons have survived at 
these e.xtremes. The safe upper limit 
of temperature for persons in good con- 
dition has been closely approached by 
the fever therapists when they delib- 
erately maintain temperatures of 
42° C. (107.6° F.) for 8 or even 10 
hours. 

Lee® in an excellent review of heat 
and cold has described the normal tem- 
peratures of homeotberms and the 


of The New York Hospital. None was 
above 105° F. (40.5° C.) and none 
below 96.8° F. (36° C.). He suggested 
that there was a secondary regulation 
of temperature at about the level of 
105 to 106° F. In a similar study made 
in 1948 it was obviously unfair to use 
the 1948 ward patients. The formerly 
well established fever courses of many 
diseases have been so distorted by 
sulfanilamides, penicillin and strepto- 
mycin that they are almost unrecog- 
nizable. It was therefore necessary to 
go back to the older literature and to 
the record of patients in the New York 
Hospital before 1932. 
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In making the analysis care was 
taken to omit all readings influenced 
by cold baths, cold sponges, serums or 
by intravenous injections that might 
have contained pyrogens. It was also 
necessary to omit all readings in the 
last 2 days of life because temperature 
regulation is seriously impaired in 
moribund patients. Cases of heat stroke 
were placed in a special category. Only 
readings above 39° C. ( 102.2° F. ) were 
recorded. 

One of the best studies of fever is 
the classical book of Wiinderlich^® 
published in 1868 and translated into 
English in 1871. The clinical thermom- 
eter had only just been introduced 


witlr malaria admitted to the New York 
Hospital before 1932 (Fig. 2). Twenty- 
flve patients were studied who had 
been giveir malarial fever therapy in 
the same hospital between 1932 and 
1948. Inasmuch as relapsing fever has 
the reputation of giving fire highest 
temperatures, the literature was 
searched and the readings in 50 cases 
of various types of this disease were 
recorded in a separate graph. 

There was a marked similarity in the 
temperature distribution curves of 
these diseases of widely different 
etiology. The greatest number of read- 
ings, the peaks of the curves, came 
between 40.0° and 40.8° C. Tempera- 




FlC. 2.— Rectal Icinpcrature readings in -1 different fevers. Ordinates give the number of re.idmgs 

at each level of temperature. 


and there was so much enthusiasm for 
the new instrument that the physicians 
themselves made the readings. They 
measured axillary temperatures, which 
in high fevers are very close to rectal 
readings. Fortunately Wunderlich in 
the appendix to his book gives the 
eharts of 82 patients with high fevers 
including typhoid, typhus, pneumonia, 
and the exanthemata. Fig. 1 charts all 
his readings above 39° C. (102.2° F. ). 

Similar graphs were made for 100 
patients with lobar pneumonia and 100 


tures above 106° F. (41.1° C. ) were 
rare. This point was brought out even 
more clearly in Figures 3 and 4. In 
1761 readings, only 75 were above 
106° F. There must be an automatic 
cut-off that stops the rise of tempera- 
ture before it reaches the level where 
Jiigh temperature itself becomes a 
menace to life. 

The fact that there were 60S read- 
ings between 10-1 and 105° F. (40.0°- 
40.6° C. ) and less than half as manv 
between 102 and 10-3° F. was unex- 
pected. The shape of tlie curve indi- 
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cates that in these particular high 
fevers the thermostatic control was set 
in the neighborhood of 104 and 105° 
until defervescence was well estab- 
lished. Of course the shape of the 
curve would have been very different 
if the milder infections such as bron- 
chitis, chicken pox and influenza had 
been included. 

In examining the records it was 
obvious that there is a tendency to 
place tire dot on the full degrees more 


valleys of hospital temperature charts 
are artefacts. When we study fever 
patients in the Sage respiration calori- 
meter and make readings every 4 
minutes with electrical thermometers 
the curves are smooth and rounded. 

The respiration calorimeter has also 
brought out the fact that there is no 
one body temperature and that it is im- 
possible to determine accurately an 
average body temperature. The highest 
temperature is found in the liver or in 



Fic. 3. —The readings of Fics. 1 and 2 combined. 


often than on the nearest fractions. For 
example the number of recordings at 
40.0° C. greatly exceeded those at 38.8 
or 40.2°. Therefore the curves were 
smoothed by averaging witlr each 
column the readings of its right hand 
and left hand neighbors. It must also 
he realized that when measurements 
are made ever,' 4 or even every 2 hours 
some of the highest and lowest points 
are missed. The sharp peaks and 


the muscles in the case of severe work. 
The rectal temperature averages about 
1° F. below that of the liver, the oral 
temperature another degree lower. The 
skin and subcutaneous tissue may be 
2 to 3° lower in a warm environment 
or more than 60° F. lower in a cold 
environment. About one-fifth of the 
body substance lies within 1 cm. of the 
surface and its temperature changes 
are best indicated by skin readings. 
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The rectal readings usually indicate 
the changes in about 80% of the body 
mass. These percentages vary with the 
environment and when the skin is 
really cold the gradient penetrates 
much deeper than a centimeter. Under 
these conditions the temperature 
changes of about one-half the body 
mass are best indicated by changes in 
skin temperature. At the other extreme, 
in fever, the blood is cooled near the 
surface and the subcutaneous tem- 
perature is close to the rectal. 

During a chill with relative cooling 
of the surface and rapid rise of rectal 
temperature the superficial and internal 
masses of the body change at different 


pothalamus which most authorities be- 
lieve to be the region of tlie tempera- 
ture regulating mechanism. The ques- 
tion that concerns us now is the e.xist- 
ence of a mechanism in febrile disease 
tliat prevents the body temperature 
from rising above 106° F. 

Were it not for such a mechanism 
the body temperature could rise from 
40 to 43° C. just as easily and rapidly 
as it rises from 37 to 40° C. There is no 
physical reason to prevent the body 
temperature from shooting up to 44° C. 
(111° F.) or higher. It only requires a 
storage of 60 calories to raise the aver- 
age man’s temperature 1 degree Centi- 
grade. During a severe chill a man can 



Fic. 1 —Thu readings of FiCh 1 and 2 coiiihimd iii a dtnsit> tli irt pir F ihrtnluit 


rates and often in different directions. 
In severe exercise also the skin tem- 
perature falls while the rectal tempera- 
tuie rises. It is obvious that in some 
conditions heat mav be transferred 
from one pait of the body to another 
without significant alteration in the 
overall temperature of tlie body mass. 

Bearing in mind tliese limitations we 
still haw in the graphs a fairly accurate 
pictuie of the highest temperatures of 
the intenial organs including the hy- 


store more than 200 calories an hour. 
With severe exercise an athlete can 
store this amount in a few minutes. 

High body temperature is accom- 
panied by an increase in basal metabo- 
lism and patients with fe\er tempera- 
tures of 40° C. exhibit heat productions 
of about 40% abo\e the normal. This 
may be augmented by restlessness or 
e\en delirium. The rise is partiallv 
compensated by an increased radiation 
and coinection as the temperature of 
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the skin rises more and more above 
that of the environment. For example, 
if the temperature of the air and walls 
of the hospital ward be 20° C. (68° F.) 
and the patient’s rectal temperature 
40° C., skin temperature 38° C., there 
would be a gradient of 18° C. between 
skin and air. If his rectal temperature 
were 44° C. and skin temperature 42° 
the gradient would be 22° C. It is 
doubtful if this 4 degree difference is 
significant in comparison with the major 
channel of heat loss, vaporization. If 
it were important we would find fever 
temperatures 5 or 10 degrees higher on 
hot summer days than they are in 
%vinter. 

'There are several special conditions 
in which body temperatures do exceed 
41° C. The best known is fever therapy. 
If tile patient is put in a cabinet and 
heat loss through the skin prevented, 
the body temperature will rise progres- 
sively. If extra heat is poured into the 
body, temperatures will rise rapidly to 
any desired level. Occasionally it gets 
out of control and the rise continues 
after the patient has been removed 
from the fever cabinet. 

A second well known cause of marked 
hyperthermia is heat stroke. No at- 
tempt will be made to review the ex- 
tensive literature on this subject but 
attention is called to the e.xcellent study 
of Ferris, Blankenhom, Robinson and 
Cullen^ who have described in great 
detail 44 cases of heat stroke in Cincin- 
nati in the hot spell of 1936. Most of 
the patients were brought to the hos- 
pital after 3 days of intensely warm 
weather, few had been e.xposed to 
much direct sunlight. Those with ad- 
mission temperatures over 106.8° F. 
were comatose or delirious. It so hap- 
pened that all with temperatures under 
107° F. (41.7° C.) ultimately survived 
and that a few with temperatures at 
the top of the clinical thermometer 
failed to die. Many of the patients 
reported that a few hours before they 
were prostrated they had noticed that 


sweating stopped. AH of them on ad- 
mission had hot, dry skins. 

Several other reports of heat prostra- 
tion have recorded that all of the skins 
were hot and dry. A few have described 
some patients with moist skins but 
these may have been cases of heat e.x- 
haustion which differs from heat stroke 
in that it resembles shock with failure 
of the peripheral circulation and with 
a normal or only slightly elevated tem- 
perature. 

It is difficult to see how a man who 
can sweat normally could possibly de- 
velop heat stroke except in conditions 
of high humidity. Blum^ estimates that 
soldiers marching in the desert increase 
their metabolism up to 265 calories an 
hour, 4 times the basal level, and in 
addition they may receive from the 
direct sunlight, reflected heat and hot 
air an additional load of over 200 cal- 
ories an hour. They gain heat through 
radiation and convection and the only 
channel of loss is vaporization. This 
rises to adequate high levels. The men 
vaporize 1 to IVz liters of water an hour 
and each liter vaporized takes care of 
about 585 calories. Similar results have 
been obtained in carefully controlled 
laboratory experiments. When, how- 
ever, the humidity is high as it would 
be in a jungle, vaporization becomes 
less effective and under the stress of 
heavy work the internal temperature 
rises to 103° F. or higher until work 
becomes impossible. 

If under long continued stress there 
is finally an exhaustion of the sweat 
glands AeBody temperature rises with 
great rapidity. A few studies of fatigue 
of sweat glands have been described 
by Lee®, and by Gerking and Robinson® 
who observed a group of healthy, well 
acclimated soldiers walking on a tread- 
mill in a hot room. They were kept in 
water and salt balance by drinking 
0.1% saline solution. In the first 2 hours 
of work the average rate of sweating 
was 1400 gm. per hr. and the sweating 
rates declined from 10 to 80% of this 
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value by the 6th hour. They conclude 
that the sweating mechanism was fa- 
tigued though not e.xhausted. Appar- 
ently this is not often the result of 
dehydration or lack of salt. It is very 
different from the blockage of sweat 
glands by keratinization of their orifices 
as observed recently in the Pacific Area. 

A third condition that e.xhibits tem- 
peratures above 106° F. (41.1° C.) is 
the moribund state a few hours before 
exitus. Usually in fevers the tempera- 
ture mounts to high levels just before 
death. Sometimes it remains flat, some- 
times it falls. In the last hours of life 
there is a failing of circulation and 
impairment of the temperature regula- 
ting mechanism. 

A great deal has been written about 
abnormally high temperatures in brain 
injuries or tumors involving the hypo- 
thalamic region. From a limited study 
of many cases reported in the literature 
there is no evidence that the tempera- 
tures differ markedly from those found 
in infectious diseases. Probably the 
hyperthermias that have impressed 
clinicians are the terminal high tem- 
peratures of moribund patients. 

Under certain special conditions it 
is possible to obtain very high tem- 
peratures in fever. If intravenous in- 
jections which happen to contain pyro- 
gens are given to fever patients the 
results may be dramatic. I remember 
one such case when in 1921 at Bellevue 
Hospital Cecil and Larsen were treat- 
ing lobar pneumonia with an antibody 
solution that caused a significant re- 
duction in the mortality. In spite of 
every precaution known at that time 
an occasional batch would contain 
pyrogens. One poor patient after an 
intravenous injection had such a violent 
chill that the clinical thermometer rose 
to 110° F. and burst. The laborator\' 
thermometer showed that his rectal 
temperature was 112° F. (44.4° C.). 
Prompt application of cold water re- 
duced the fever rapidly and much to 
our surprise the patient recovered. 


Summarizing these special conditions 
in which temperatures over 106° F. 
(41.1° C.) are found, tlie following clas- 
sification can be made: (1) A sudden 
overwhelming heat load, as in a fever 
cabinet or the chill from pyrogens. 
(2) A prolonged overwhelming load 
with exhaustion of the sweat glands as 
in heat stroke. (3) Failure of the circu- 
lation and, or, failure of the tempera- 
ture regulating mechanism in mori- 
bund patients. (4) Some infectious dis- 
eases with occasional readings between 
41 and 42° C. These represent the 
scatter which is usually found at the 
edges of bell-shaped Gaussian curves 
of distribution. 

Thus it is evident that in fevers the 
great majority of readings are lower 
than 106° F. which is safely below the 
point at which temperature itself is 
dangerous. Everything points to a tem- 
perature regulating mechanism that 
functions well at the thermostatic level 
set by the particular stage of the dis- 
ease. Presumably this is located in the 
same centers in the hypothalamus that 
control temperature in health and re- 
spond grossly to changes in the blood 
and more delicately to changes in the 
skin. The sharp limitation of tempera- 
tures at the level of about 106° F. 
points toward an “emergency regula- 
tory mechanism in fever” that protects 
the body with great efficiency. 

This mechanism can do but little in 
the way of reducing heat production 
unless it sends the patient into a quiet 
coma. It cannot do much tlirough in- 
creased radiation or convection but can 
do a great deal by increased peripheral 
circulation and particularly by in- 
creased sweating. 

The patient can help if he is strong 
enough to throw off his blankets. The 
nurse can cool the room. The doctor 
can follow the custom of aiding na- 
ture’s vaporization by ordering cool 
sponges with water or dilute alcohol. 
The important thing is to cool as much 
blood as possible in the subcutaneous 



OT BOIS: J a.ese fo4 aSs^* 

. «eatachaltagof*';^: TcT? S ^ss than Wt a» 

vTsSs ttp- 4 ®SSSt 

rSt 

-“S 

.-i„«^vft\v itis® r „ natieiit 


hood ot i.u'i >-4. ^res mucn 

^ 3. Human tempe tu^^^^ ^ \ 

than 106 " ^an Sections 

condition 0 *^^, temperawe «gj_ 

ta“ g 2chan^“ rLet SSnet ot 

pai^Y ie'S°^ 

patients. - - «rar.malous co_ 

r 1 r?^r 


,f that ^vtncn is comtor-‘& 

Drinking fficient in reducing 

but relatively if a paUent 

at zero Centigrade tempera- 

calories, enong ^^me water 

“YSed tam FU sWn «ould abttrac 

S calories- ^ lesions. 1- Y“'' F^fEKcept lot *®“ iYhept“ safely 

ver"pa- gY rSSi i^^anr 

ture '^“‘''Yes'^chatactetized '^i' gency teg“'““'av”thl°og'* *® rf'^h 

^irr -0 tlncP- glands. 

'V- S°r,“8" F. U" C.). 


24, 


were « in7 ' 

was above ^FERE^ 5 CES 

°‘ : W.. and C*n, O- h -' 

s„£.,‘’s';°S|'-‘ 4 f 5“ M- *•■ 

1- F^““a Wv"&t. d. yhyd-i - «. .a, by 

A., Keiv. and Men >tagouns »• horn -nd 

8. Ranson, | ' 60/, 1939_ to 

9. Thaner, R-- r Qn the aen^ g 18/ 1- 

ll wondatbtb. Sydeahan. 

\V. B. NVoodman, Uo 


MAJOR SURGICAL OPERATIONS IN THE PRESENCE OF BUNDLE 

BRANCH BLOCK 

A STUDY OF THE OPERATIVE RISK IN 59 PATIENTS 
By Paul PL Pfeiffer, M.D.® 

AND 

JopiN S. La Due, M.D., Ppi.D, 

NEW yOBK, NEW YORK 

(From the Department of Medicine, Memorial Hospital for the Study 
of Cancer and Allied Diseases) 


Tabulations of the operative mortal- 
ity, cardiac complications and other 
postoperative complications in 59 pa- 
tients with bundle branch block ( BBB ) 
subjected to major surgical operations 
at Memorial Hospital suggest that such 
2 ?atients withstand operation almost as 
well as patients of the same age group 
who have normal electrocardiograms. 
The presence of BBB has been re- 
garded by some as a contraindication 
to the performance of all but emer- 
gency surgical procedures because of 
the danger of ventricular standstill or 
ventricular fibrillation. ‘ This attitude is 
encouraged by studies stating that the 
average life e.xpectancy associated with 
this electrocardiographic finding is 2 
years.^’'* A more recent survey, how- 
ever, has shown that 42% of the 50 
cases of BBB were still living S years 
and 2 months after the condition had 
been diagnosed.^ 

Bundle branch block in the aged is 
almost always associated with arterio- 
sclerotic heart disease, although it may 
occur with rheumatic, syphilitic or con- 
genital forms of heart disease. Any 
elderly patient who must undergo major 
surgery should have a careful preoper- 
ative evaluation of his cardio-vascular 
status; but our data do not support the 
contention that BBB per sc constitutes 
a major contraindication to surgerv'. 
Other factors, such as the presence of 
cardiac hypertrophy, congestive failure, 
a history of recent myocardial infarct 


appear to us to be of far more impor- 
tance than the presence of a single 
electrocardiographic abnormality. All 
these criteria must be evaluated if the 
internist is to give an intelligent esti- 
mation of the operative risk. Increas- 
ing knowledge of pre- and postoper- 
ative care, perfected techniques of 
anesthesia, and the introduction of 
antibiotics have combined to make the 
prognosis for patients with heart dis- 
ease undergoing major surgery much 
less formidable. 

Cancer is invariably a fatal disease 
in the absence of treatment and, more- 
over, its course in the untreated patient 
is often harrowing. For this reason 
surgical treatment of cancer patients 
may be given more liberally than in 
most diseases. Emphasis must be 
placed, however, on employing every 
possible means to insure recovery of 
the patient with cardiovascular disease 
who must undergo surgery for the abla- 
tion of cancer. This line of procedure 
has became a cornerstone in the treat- 
ment of patients with cancer at Memo- 
rial Hospital, and consequently we 
have been able to collect a rather large 
series of patients with BBB who have 
had major surgical operations during 
a 27 month hospital period. 

In this communication the authors 
have attempted to answer the following 
questions; ( 1 ) Do patients with bundle 
branch block undergoing .surgical pro- 
cedures have an unusually high imme- 
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cliate mortality? (2) Does the surgical 
procedure cause an acceleration or an 
aggravation of the cardiac disease as 
manifested clinically or by electrocardi- 
ographic tracings? and (3) Do patients 
with BBB have an unusually high in- 
cidence of postoperative complica- 
tions? 

Method of Study. Fifty-nine patients with 
BBB were subjected to major surgical opera- 
tions at Memorial Hospital from March 1, 
1946, to June 1, 1948. During the same 
period, 13,716 patients were admitted and 


incidence. The charts were reviewed and 
insofar as possible an effort was made to 
classify the heart disease according to the 
New York Association Classification. The 
cardiovascular background was evaluated by 
noting a history of, or findings of, rheumatic 
fever, syphilis, hypertension, myocardial in- 
farction, cardiac enlargement or congestive 
failure. Preoperative management, including 
the use of digitalis and quinidine; the type, 
length and course of operative procedure, the 
anesthesia employed and tlie postoperative 
course and care were reviewed. The inci- 
dence and variety of postoperative complica- 
tions were noted with special emphasis 


TABLE l.-ESSENTIAL DATA ACCORDING TO TYPES OF BUNDLE BRANCH BLOCK 


N. Y. Heart 

Class I 

A and B 

Total Number 
oi Cases 
(59) • 

51 

LBBB 

(18) 

16 

ALBBB 

(12) 

11 

RBBB 

(1) 

1 

S Wave 
(28) 

23 

Association 

Classification* 

Class II 

A and B 

8 

2 

1 

0 

5 


Infarct 

5 

2 

2 

0 

1 

Past History 

Angina 

4 

2 

0 

0 

2 

(Cardiac) 

Congestive 

Failure 

8 

1 

2 

1 

4 

Diastolic Blood Pressure 
above 90 mm. 


29 

12 

2 

0 

15 


No X-ray 

6 

3 

2 

0 

1 

X-ray Evidence 

None 

39 

8 

8 

0 

23 

of Cardiac 

Slight 

8 

5 

1 

1 

1 

Enlargement 

Moderate 

2 

0 

1 

0 

1 

Marked 

4 

2 

0 

0 

2 

Post-operative non-fatal 
medical complications 


10 

4 

1 

1 

4 

Post-operative deaths 

Patients who have 
survived 19 months 
or more 

Surgical 

Medical 

6 

3 3 

3 0 

10 

0 

0 0 
0 0 

1 

0 

3 

0 

9 


® Thurc were no m CIossl'^ III and IV. 

L n B Q B— Lett bundle branch block. 

A L B B B— Al>pical kit bundle branch block. 
BBB B— BiKlit bundle branch block. 

S Ware— At>pic.il riaht bundle branch block. 


4,891 electrocardiograms were made— the inci- 
dence of BBB being 1.88" of the electro- 
cardiograms made and 0.66% of the hospital 
.idmissions. These figures were not corrected 
for repe.ited electrocardiograms or readmis- 

sions. 

M e define a m.iior operation as any proce- 
dure Listing 1 hour or longer, whetlicr or 
not .1 general antsllitlic agent w.is used. The 
d.it.i wrre analwed for age, sex, and race 


being placed upon a search for those which 
might have some etiological relation to the 
presence of heart disease. Bundle branch 
block was classified according to accepted 
criteria.- The S wave pattern was considered 
separately, since there is some evidence that 
it is associated with a better prognosis.®-! 

Preoperative Evaluation. In Table 1 
are summarized the essential data of 
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the preoperative study, the postoper- males; 3 patients were colored, 2 males 
ative complications, deaths and pro- and 1 female; all others were white. In 
longed survivals according to the type 1 case there was clinical evidence of 
of bundle branch block found. There rheumatic heart disease; in the others, 
were 30 left bundle branch blocks there being no evidence of rheumatic, 
(LBBB), of which 18 were typical and luetic or congenital heart disease, the 
12 were atypical. There were 29 right etiology of the BBB was probably ar- 

TABLE 2.-TYPES OF ANESTHESIA AND OPERATIONS PERFORMED 


Typo of Oporation 

x\o. 

Ether 

Spinal 

I’enlotlial Novocaino 

Total Laryngectomy 

6 



4 (1) 2 

Radical Neck Dissection 

6 



6 (1) 

Abdomino-perineal Resection 

6 

2 

4 (2) 


Uretero-intestinal Transplant 

5 

4 (1) 

1 (1) 


Cystectomy 

4 

1 (1) 

3 (1) 


Sigmoid Resection 

3 

1 

2 


Subtotal Gastrectomy 

3 

2 


1 

Radical Mastectomy 

4 

2 


2 

Lobectomy (right upper lobe) 

2 

2 (1) 



Exploratory Laparotomy 

2 

1 

1 (1) 


Thyroidectomy (one with 





radical neck dissection) 

2 

1 


1 (1) 

Transurethral Resection 

2 

1 

1 


Total Gastrectomy 

1 

1 



Transthoracic Cardiectomy 

1 

1 (1) 



Splenectomy 

1 

1 



Hysterectomy 

1 



1 

Cholecystectomy 

1 

1 



Exploratory Thoracotomy 

1 

1 



Radical Groin Dissection 

1 



1 

Axillary Dissection 

1 

1 



Perineal Resection 

1 

1 



Resection of Maxilla 

1 



1 

Appendectomy 

1 


1 


Partial Laryngectomy 

1 



1 

Partial Cystectomy 

1 

1 



Simple Nlastectomy 

1 

1 



Cervical Rhizotomy 

1 

1 



Partial Glossectomy 

1 

1 (1) 



Transverse Colostomy 

1 

1 



Excision of Vagina 

1 

1 



Excision Basal Cell Tumor 

1 



1 

Excision, Carcinoma of Ear 

1 



1 

Excision of Buccal Mucosa 

1 



1 

Excision of Sarcoma of Chin 

I 



1 

Excision of Parotid Tumor 

1 



1 

Suprapubic Cystotomv 

1 


1 


TOTAL 

69 

30 

14 

21 4 

The figures in parcntlii'sis iinliente 

c.iics witli .1 fall 

in di-Oilolic iircNSUte lo ."0 niin. 

of inirciir>* or bchiu*. 


BBBs, of which 1 was typical and 28 
w'cre of the S wa\’e type. The a\'erage 
age was 66.6 years with the following 
distribution: 1 was between 41 and 30 
years, 9 were between 31 and 60, 30 
between 61 and 70, IS were 71 to SO 
and 1 was between 81 and 90 years of 
age. There were 41 males and IS fe- 


teriosclerotic. diastolic pre.ssure of 90 
mm. of mercury or above was present 
in 29 or 49'7' of the patients. The pulse 
pressures were distributed as follows: 
9 were between 31 and 40; 10 between 
41 and 50; 11 between 51 and 60; 6, 61 
to 70: 9, 71 to SO; 9. SI to 90: and 5 
between 91 and 100. preoperative 
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diastolic pressure below 60 mm. of 
mercury was not observed. All patients 
had a preoperative hemoglobin of at 
least 75% (photoelectric)— the stand- 
ard being 15.5 gm. for males and 14.4 
gm. for females. SLv patients had a 
fasting blood sugar of 120 mg. per 
100 cc. or more. The blood urea nitro- 
gen was within normal limits in all 
patients prior to the operation. One 
patient had clinical evidence of poly- 
cythemia. Preoperative medications in- 
cluded the continuance of maintenance 


for 1 hour— in all others it was rapidly 
(within 5 to 20 minutes) restored to 
normal by neosynephrine subcuta- 
neously or by whole blood transfusions. 
Six of the 12 cases developing signifi- 
cant hypotension received ether, 3, 
spinal, and 3, pentothal anesthesia. 
There were 69 major operative pro- 
cedures performed on these 59 patients. 
Seventeen of the operations lasted be- 
tween 1 and 2 hours, 18 between 2 
and 3 hours, 23 lasted 3 to 4 hours, and 
11 lasted 4 to 5 hours. In no instance 


TABLE 3.-NON-FATAL MEDICAL AND SURGICAL POSTOPERATIVE 

COMPLICATIONS 


No. of 


Medical Cases 

Bronchopneumonia 3 

Atelectasis 2 

Paralytic Ileus 2 

Thrombophlebitis 1 

Pulmonary Embolus 1 

Tachycardia (? type) 1 


TOTAL 10 


doses of digitalis in the 6 patients who 
were receiving it when they came to 
the hospital; and, in addition, 4 
patients' were given therapeutic doses of 
digitalis and quinidine preoperatively 
as a prophylactic measure. There was 
roentgenological evidence of slight, 
moderate or marked cardiac enlarge- 
ment in 14 of the 53 cases in which 6 
foot chest films were available. The 
criteria used were: (1) for slight en- 
largement, the transverse diameter of 
the heart e.xceeded one-half the inter- 
nal diameter of the chest by 1 to 2 cm. 
(2) for moderate enlargement, by 3 to 
4 cm. and (3) for marked enlargement 
by 5 or more cm. 

Operative and Postoperative Course. 
In Table 2 the operations and anes- 
thetic agents are listed. In 13 cases there 
was a drop in diastolic pressure to 50 
intn. of mercury or below. The pressure 
remained at dangerous levels in 2 cases 


No. cf 


Surgical Coses 

Urinary Incontinence 2 

Wound Abscess 2 

Wound Slough 2 

Pneumothora.v 2 

Wound Dehiscence 1 

Intestinal Obstruction 

(due to adhesions) 1 

Acute Urinary Retention 1 

Esophageal Fistula 1 

Chyle Fistula 1 

Hematoma 1 

TOTAL 14 


was an operation terminated because 
of a serious complication arising on the 
operating table. 

As for the postoperative period, there 
were 6 patients who died from 3 to 19 
days after the operation; these will be 
discussed in more detail below. 
Parenteral fluids were administered to 
8 of the 59 patients as hypodermoclyses 
—an unusually high incidence since 
fluids are almost never given subcu- 
taneously in thi-s hospital. There were 
10 patients who received 1500 cc. a day 
of normal saline intravenously for 1 to 
4 days and only 1 developed signs of 
congestive failure. He died on the 16th 
postoperative day in pulmonary edema 
after having received large amounts of 
blood, plasma, saline and 50% glucose 
by vein; he was found at post-mortem 
e.vamination to have a recent occlusion 
of the right coronary artery. Only 2 
patients manifested evident cyanosis 
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during the postoperative period and 
they, as well as 8 others, received 
oxygen either by tent or nasal tube. 
There were 4 patients whose hemo- 
globin dropped to below 65% after the 
operation— the lowest being 48%. A 
transient azotemia with elevation of 
the blood urea nitrogen from 20 to 
44 mg, per 100 cc, was noted in 9 
cases. In addition, all but one of the 6 
patients who died had significant 
azotemia. The patients with diabetes 
were kept under good control and the 
patient with polycythemia did not 


follows: 285, 400, 410, 420, 430, and 
530 gm. In 3 cases the cause of death, 
generalized peritonitis and massive 
hemorrhage, was regarded as surgical; 
in the otlier 3 the causes of death were: 
coronary thrombosis, pulmonary em- 
bolus, and bronchopneumonia with 
acute pyelonephritis. 

Results, In Table 4 the follow-up 
studies on 59 patients with-BBB who 
underwent major- operations are pre- 
sented. There was an immediate 
postoperative (within 19 days) mor- 
tality of 10%; one-half of these were 


TABLE 4.-END RESULTS AT DIFFERENT POSTOPERATIVE PERIODS 


3-19 

clays 

Immediate postoperative 
deaths 6 

Surj^ical 3 

Medical 3 

Deaths from Carcinoma 
Death, cause not 
determined 

Deaths from heart disease 
and patients who had 
increasing cardiac symptoms 

Surviving patients without 
symptoms due to heart 
disease 


Posloper.ative 

3 weeks— 4—6 7-12 

3 niontlis months inonllis 


13-18 19-28 

months months 


O 


1 3 


O 


1 

1 1 

(tachycardia) (digitalized) 1 (died ? coronary) 

1 I (digitalized) 

(angina) 


9 


5 


11 6 8 


suffer any unusual complications. In 
Table 3 the non-fatal medical and sur- 
gical postoperative complications have 
been listed. The average hospital stay 
was 19.8 days. No correlation was 
noted between the type or severity of 
the complications and the form of 
BBB or the preoperative evaluation. 

Autopsy Findings. Post-mortem ex- 
aminations were performed on 7 of 
these patients, 6 of them having died 
within 19 days of the operation and 1 
died 3 months later. Evidence of my- 
ocardial infarction was found in 2 
cases; 1 with LBBB and the other 
with the S wave pattern. The other 
hearts showed atherosclerosis of the 
coronary vessels with resultant mvo- 
cardial fibrosis. The weights of all but 
one of the hearts were obtained, as 


classified as medical deaths. Eight 
patients have since succumbed to re- 
current or metastatic malignant disease 
which makes it impossible to evaluate 
what the longevity of these patients 
would be if the BBB alone were 
considered. In only 5 cases was there 
evidence of progression of the heart 
disease following the operation. One 
died at home, ostensibly of a coronary- 
thrombosis 8 months after the opera- 
tion, 2 patients were digitalized 
after 5 and 8 months, 1 developed 
angina after 4 months and 1 an 
unexplained tachycardia after 3 weeks. 
Ten patients survived 19 to 28 
months without any symptoms of heart 
disease. All but one of these had the S 
wave type of BBB. 
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Postoperative electrocardiograms 
were available in' 21 cases and showed 
insignificant changes in 7 instances as 
follows: (1) reduction in rate from 
71 to 50; (2) change of the QRS con- 
duction time from 0.12 sec. to 0.11 sec.; 
(3) reduction in amplitude of the T 
waves 18 months after the operation 
and 6 months before death from pul- 
monary metastases; (4) inversion of 
TCF4; (5) the development of a high 
TCF4; (6) the appearance of periods 
of 2-1 auriculo-ventricular block, and 
(7) the appearance of numerous" au- 
ricular and ventricular premature beats 
(2 cases). 


sure, the cardiac size, the non-fatal 
medical complications, the postoper- 
ative deaths and the number of patients 
who survived 19 months or more after 
their operations. Study of this table 
fails to show any significant corre- 
lation between the type of BBB and the 
presence or absence of any of the 
factors just listed. In other words, 
there was no significant difference 
relatable to the type of BBB in the 
distribution of the number of patients 
with cardio-vascular symptoms; the 
number of patients with a history of 
angina, infarction or congestive failure; 
the presence of hypertension or cardiac 


TABLE 5.-ELECTROCARDIOGRAPHIC DATA ACCORDING TO THE TYPE 


OF BUNDLE BRANCH BLOCK OBSERVED 



LBBB 

ALBBB 

RBBB 

S Wave 


No. of 

No. of 

No. of 

No. of 


patients 

patients 

patients 

patients 


18 

12 

1 

28 

■R interval (sec.) 

.12-.20 

16 

12 

1 

23 

.21-.23 

0 

0 

0 

2 

.24-.26 

Not determinable* 

1 

1 

(idio- 

ventricular) 

0 

0 

0 

3 

(Auricular 

fibrillation) 

RS interval (sec.) 

.12.-.13 

13 

11 

1 

22 

.14-.15 

5 

1 

0 

6 

-T inteu’al (sec.) 

.31-.40 

12 

10 

1 

21 

.41-.43 

2 

0 

0 

4 

.44-.48 

3 

2 

0 

3 

.49-.30 

1 

0 

0 

0 

\is 

Nonnal 

4 

2 

0 

7 

Left 

14 

10 

0 

15 

Right 

® 3 had auricular ilbnllation; 1 

0 0 

had idio-vcntricular rhythm. 

1 

6 

Four patients with the S wave 

or R B B B Ending had 

signiEcant Q waves 

in the limb 

or precordiai leads. 


Electrocardiographic Findings. To 
recapitulate, 59 patients with bundle 
branch block were studied; of these 
18 had typical left bundle branch 
block; 12, atypical left bundle branch 
block; 1 typical right bundle branch 
block; and 28 atypical, or S wave, 
right bundle branch block. In Table 
1 the type of BBB is presented with 
respect to the classification of the 
ty[:e of heart disease and the cardiac 
past histors". the diastolic blood pres- 


enlargement; the incidence of medical 
complications; or the number of deaths 
due to medical complications. We are 
forced to conclude that the type of 
BBB in this series bore no relation to 
the e.xtent of heart disease preopera- 
tively or to the operative or postoper- 
ative course. A later follow-up may 
give interesting data on the survival 
rate, without recurrence of cancer, in 
the various groupings. The period of 
postoperative observation is not yet 
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long enough to permit conclusions as to 
the significance of the 19 to 28 months 
survival of 9 patients with S wave 
BBB as against only 1 survival of an- 
other type of BBB (atypical left). 

No conclusions can be drawn from 
the mortality in this series, since 
there were but 6 deaths; we can merely 
state that the 3 patients succumbing 
to strictly surgical complications had 
left BBB and that the 3 dying from 
medical complications had right BBB 
of the S wave type. Five patients devel- 
oped increasing cardiac symptoms 
postoperatively, 2 had LBBB, none had 
RBBB, 2 had S wave RBBB, and 1 
atypical LBBB. 

Table 5 gives the PR, QRS and QT 
times, the axis deviation and the 
various types of arrhythmia observed 
in the 4 types of BBB. The distribution 
of prolonged PR, QT, and QRS times 
is not significant according to the type 
of BBB; but of the whole group, 3 
patients had PR intervals that were 
above normal; in 12 patients the QRS 
deviation was greater than 0.13 sec.; 
and in 15 the QT interval was above 
normal for the heart rate. Left axis 
deviation was seen in 24 patients with 
LBBB and in 15 with the S wave type 
of RBBB. 

Discussion. Although it was not 
possible to get a comparable series of 
patients of the same average age (66.6 
years) as' the patients studied, we were 
able to obtain the operative mortality 
statistics on patients 60 to 71 years of 
age who underwent sub-total gastric 
resections, abdominal perineal re- 
sections and radical neck dissections 
for carcinoma at Memorial Hospital. 
The operative mortality for 32 patients 
who had sub-total gastric resections in 
this age group was 12.5%; for 64 
patients who had abdominal perineal 
resections it was 3.3%; and for 164 
patients who underwent radical neck 
dissection 2.3%, giving an average of 
3.4% for the 260 patients. 

The immediate postoperative mor- 


tahty of the series of 59 patients with 
bundle branch block was 10% (6 

deaths). However, 3 deaths were 
unrelated to the presence of heart 
disease, generalized peritonitis being 
responsible in 2 instances and un- 
controllable hemorrhage in 1. One 
patient died from acute pyelonephritis 
following ureteral transplants to the 
bowel but was shown to have broncho- 
pneumonia as a contributory cause of 
death at autopsy. If this patient is 
included as a medical deatli related to 
the presence of heart disease, the 
“medical” postoperative mortality is 
5%; if this death is excluded it is 3.3%, 
indicating that the presence of bundle 
branch alone was of questionable 
importance in evaluating the operative 
risk in these 59 patients. 

Only 3 patients developed symptoms 
and signs of congestive heart failure 
postoperatively, easily controlled in 2 
instances and associated with fatal 
infarction in 1 patient. The incidence 
of medical and surgical postoperative 
complications was not e.xcessive. 
Finally, it was observed that increasing 
cardiac symptoms occurred in 5 
patients several weeks to months 
following discharge from the hospital. 

Although the data demonstrate that 
the presence of bundle branch block 
does not by itself constitute a contrain- 
dication to major surgical procedures 
today, tliere is an increased risk in such 
patients which can be kept at a 
minimum by meticulous medical 
management. Preoperative care, the 
choice of anesthesia, and careful post- 
operative management have made it 
possible to treat surgical problems in 
such patients. The careful super\ision 
of fluid and salt intake, the judicious 
use of digitalis, diuretics and o-xv^en 
and the wide availabiliU' of potent 
antibiotics facilitate the medical 
management of such patients; close 
cooperation between the surgeon and 
the internist is of the utmost impor- 
tance. 
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Emphasis must be placed upon an 
adequate evaluation of the medical 
history, cardiac classification and 
physical findings rather than upon 
electrocardiographic evidence of bun- 
dle branch block. This electrocar- 
diographic abnormality, in the absence 
of contraindications uncovered by care- 
ful medical consultation, should not 
influence either the surgeon or the 
internist in deciding upon tire surgical 
management of the patient with 
cancer. Both may have reasonable 
e.vpectations that the patient will 
survive the operation and that his 
heart disease will not be accentuated 
as a result of surgery. 

The cardiac status of a patient is 
neither more nor less important than 
evaluation of the pulmonary, renal, 
neurological, metabolic or hormonal 
functions and over-emphasis of any one 
aspect of a medical or surgical problem 
may lead to disaster. It is of interest 
that of all patients rvith bundle branch 
block seen during the period of time 
covered by this study, only 3 were 
thought to be too poor as operative 
risks to withstand even palliative 
surgery. 

The fact that none of our patients 
could be classified as having heart 
disease more severe than Class 11 B 
undoubtedly accounts, in part, for the 
relatively low operative mortality 
among the 59 patients studied. A 
greater mortality would be e.\pected 
among patients with bundle branch 
block whose heart disease was classi- 
fied as Class III or IV. 

Clinical Summiuies of the 6 Cases Who 
Died Williin 19 Days of the Operation. 
Case 1. J. R., a 76 year old white male, 
entered the hospital on 12/20/46, coinplain- 
‘“n painless hematuria of 1 year’s dura- 
tion. hour years ago he had had” an episode 
of acute left-sided he.nt failure thought to be 
due to .1 inyoc.irdi.il inf.irction. Physical e.xam- 
in iliiin revealed a f.iirly well-developed 
elc.erly iu.ile who weighed 142 lbs. and had 
a blood pressure of' 160/120. The heart 
-ippe.ued to he slightly enlarged to the left. 
There w.is normal sinus rhythm and no evi- 


dence of heart failure. The electrocardiogram 
showed an S wave type of RBBB. The heart 
was found to be at the upper limits of normal 
stee on Roentgen-ray examination. A supra- 
pubic cystotomy was performed, lasting 1 hour 
under spinal anesthesia. The blood pressure 
dropped to 110/70 but responded rapidly to 
the subcutaneous injection of 3 minims of 
1:1000 neo-synephrine. Postoperatively the 
hemoglobin was 78% of normal and the blood 
urea nitrogen rose from 18 to 23 mg. per 
100 cc. The urinary output was poor. The 
patient became irrational, was put in an o.xy- 
gen tent and given several hypodermoclyses 
containing saline. He died on die 16th post- 
operative day (1/14/47) in pulmonary 
edema. 

At post-mortem examination the heart was 
found to weigh 530 gm. There was complete 
obliteration of the right coronary artery and 
a large old infarct with aneurysm formation 
involving tlie left ventricle. 

Case 2, A. T., a 75 year old white female 
entered the hospital on 6/30/47, complaining 
of epigastric distress of 1 year's duration. She 
had been slightly dyspneic for 1 year and 
thought that she was hypertensive. She was 
found to be well-nourished, weighed 159 lbs., 
and lier blood pressure was 170/90. The 
heart appeared to be slightly enlarged to the 
left and there was a grade 11, blowing systolic 
murnnir at the apex. The lungs were clear 
and there was no ankle edema. The heart 
appeared slightly enlarged to the left on 
Roentgen-ray examination. The electrocardio- 
gram showed an LBBB. The hemoglobin was 
100% ■ of normal. She received digitalis and 
quinidine before the operation as a prophy- 
lactic measure. A total gastrectomy was per- 
formed with ether and curare anesthesia. The 
operation lasted 3)s hours. The blood pressure 
fell briefly to 110/70. After the operation the 
temperature rose to 104° and 105° in spite of 
antibiotics. The patient died on the 14th post- 
operative day (7/27/47). 

At post-mortem examination the heart was 
found to weigh 430 gm. The coronary arteries 
were patent. There was no evidence of cardiac- 
failure. A leaking suture line had resulted in 
generalized peritonitis. 

Case 3. F. G., a 64 year old white male 
entered tlie hospital on 5/31/46 complaining 
of epigastric distress, anorexia and a 45 lb. 
weight loss during the previous 6 months. He 
was found to be fairly well-nourished and to 
weigh 178 lbs. The blood pressure was 
110/70, the anteroposterior diameter of the 
chest was increased, and the breath sounds 
were distant. The electrocardiogram showed 
the S wave type of right bundle branch block. 
Roentgen-ray examination showed the Jjcart 
w;is not enLirged. The preoperative hemo- 
globin was 100% of normal, A transthoracic 
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cardiectomy which lasted 5 hours w.is per- 
formed using ether anesthesia. Tire blood 
pressure fell to 96/60 for 10 minutes during 
the operation. An electrocardiogram taken 
after the operation showed inversion of 
and depression of QRS in the precordial 
leads. Escept for an occasional rise in temper- 
ature to 101° the patient appeared to be 
doing well. He diecT suddenly on the 10th 
postoperative day (6/20/46). 

At post-mortem e.xamination a puhnonary 
infarct of the left upper lobe was found. The 
heart weighed 420 gm. There was no evidence 
of myocardial infarction. 

Case 4. L. E., a 74 year old white male 
entered the hospital for the first time on 
2/3/47 complaining of intermittent hematuria 
of 6 months’ duration. The past history was 
non-contributory. The patient was found to 
be a poorly nourished elderly male with a 
blood pressure of 130/80. There were a few 
coarse rhonchi throughout both lung fields. 
The heart was not enlarged to percussion and 
there was no ankle edema. The preoperative 
hemogoblin was 99% of normal. An electro- 
cardiogram showed the S wave type of RBBB. 
Rontgen-ray e.\amination showed the heart 
was not enlarged. The patient underwent an 
uneventful transurethral prostatectomy under 
spinal anestliesia. One montli later he returned 
to the hospital in the same general condition 
and a bilateral uretero-intestinal transplant 
was performed. The operation lasted 3 hours. 
The blood pressure was 60/20 for 1 hour, and 
the patient received a total of 11 minims of 
1:1000 neosynephrine subcutaneously. During 
the postoperative period the patient’s pulse 
ranged from 130 to 140 and the temperature 
rose to 102. lie received 8 cc. (1.6 mg.) of 
Cedilanid on the 2nd postoperative day. He 
died on the 3rd postoperative day (3/8/47). 

At post-mortem examination acute pyelone- 
phritis and bronchopneumonia were found, 
'file heart weighed 410 gm. There w.is 
moderate atherosclerosis of the coronary 
vessels. 

Case 5. M. B., a 70 year old white female 
entered the hospital on 12/10/46 complaining 
of constipation and generalized abdominal 
cramps of 4 months duration. 'File past 
liistory was non-contnbutory. She w.is well- 
nourished and the blood pressure was 
150/96. 'File heart and lungs were normal. An 
electrocardiogram showed an LBBB. Roent- 
gen-ray examination showed the heart was not 
enlarged. Tlie hemoglobin was 95*7' and fast- 
ing blood sugars were 100 and 109 mg. per 
100 ee. before the operation. .\n exploralorx- 
l.iparotomv and transserse colostomv were 
jH'rforiued w itii spinal anesthesi i. 'Fhe opera- 
tion Lusted If: hours. The blood prcNsure 
dropped from 120/80 to 80/60 for 10 minutes 
and she twice reeeixed 3 minims of 1:1000 


neo-synephrine subcutaneously. Following the 
operation the patient reeeixed insulin accord- 
ing to the pre-meal urine specimen .is well 
.IS intravenously with infusions of dextrose 
and water. On 2 occasions she compLiined of 
weakness and sweating. Shortly after one of 
these episodes the blood sugar was found to 
be 74 mg. per 100 cc. She also complained 
of prccordial pain radiating doxxn the left 
arm. An electroc.irdiogram showed no signifi- 
cant change from the preoper.itive tracing. 
The patient received 1.2 mg. of digitoxin 
intravenously on the 2nd postoperative d.iy. 
She died 12/19/46. 

At post-mortem examination fecal contami- 
nation of the peritoneum due to le.ikage 
around the stoma w.is found. There w.us 
atelect.isis of both lower lobes. The heart w.is 
said to bo sliglitly hypertropliied but its 
weight W.1S not recorded. There w.is moderate 
sclerosis of the coronary vessels but no throm- 
bosis W.IS observed. 

Case 6. H. H., a 59 yc.ir old white 
machinist entered the hospital on 2/20/48 
complaining of pyuria of 6 months’ duration. 
The iiast history w.is non-contnbutory. Physi- 
cal e.xamination" revealed a well-developed, 
well-nourished male who weighed 171 lbs. 
The blood pressure w.is 160/70. Tlie heart 
and lungs were normal; there were no signs 
of congestive heart failure. The preoper.itive 
hemoglobin was 92% of normal. 'Fhe electro- 
c.irdiogr.im showed an LBBB; and the heart 
VV.IS observed to be sliglitly enlarged on 
Roentgen-r.iy examination. Eleven d.iys after 
admission a left uretero-intestinal Iranspl.mt.i- 
tion vv'.is perfonned with ether anesthesia. 
The operation Listed 2): hours and was un- 
eventful. Two days after the operation the 
temperature rose to 101 and signs of atelect.i- 
sis were noted. The signs subsided rapidly, 
and 15 d.iys after the operation the patient 
W.IS returned to the operating room where a 
cystectomy, right nephrectomy and prostatec- 
tomy', were performed with ether aiiesthesi.i 
The procedure Listed 5 hours, the patient 
received 2500 cc. of whole blood and the 
blood pressure did not f.ill below 100/60. 
Immediately following the operation the 
patient vv.ib noted to be cold and sweaty and 
the blood pressure dropped to 110/70 from 
130/90. An electrucartliogram showed no 
change and a blood transfusion gave prompt 
relief. The day after the operation si-iiis of 
ateleet.usis were noted which responded to 
intr.itraehe.il .ispirations. lie w.ls also digi- 
talized .IS a prophyLatie measure at this 
time. On the 8th jxistopirative d.iv bil.iter.d 
e.ilf tendirness and pain m the left cl.est 
develo]X‘d, vvhereujxm mtravciiuus Ltparin 
W.IS adnmnslerLd for .5 d iv s with uoixl re- 
sixmse. Six d.iv s .ifter the List ilnse of hep inn 
the jxitient began to bind profusely from 
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the suprapubic wound; and, in spite of care- 
ful packing and blood transfusions he died 
on the following day (4/6/48), 19 ,days 
after tlie 2nd operation. 

At post-mortem e.xamination the heart was 
found to weigh 400 gm. There was no evi- 
dence of edema, consolidation or infarction in 
the lungs. There was a fistulous communica- 
tion between the ileum and the pelvic cavity. 
The cause of deatli was a massive hemor- 
rhage at the operative site in the suprapubic 
area, tlie e.xact source of which could not be 
determined. 

Summary and Conclusion. 1, Fifty- 
nine patients (average age 66.6 years) 
with bundle branch block were sub- 
jected to major surgical operations. 
Two patients died 10 and 16 days post- 
operatively of medical complications, 
a 3.3% operative mortality to which 
the presence, of heart disease pre- 
sumably contributed. The total opera- 
tive mortality, including strictly surgi- 
cal complications, was 10%. 

2. The operative mortality in 280 
patients 60 to 71 years of age subjected 
to total gastrectomy (32 patients), 


abdominal perineal resection (64 
patients) and radical neck dissection 
(164 patients) was 12.5%, 3.3% and 
2.3% respectively, an average mortality 
for the 3 operations of 3.4%. 

3. The presence of bundle branch 
block per se does not constitute a 
contraindication to surgical inter- 
vention. Careful classification of the 
heart disease and study of the func- 
tioning of other systems are of greater 
importance in evaluating operative 
risk. 

4. Postoperative complications did 
not appear to be more frequent or more 
severe than might be expected for 
a comparable group of patients in the 
same age group. 

5. No significant correlations could 
be demonstrated between the electro- 
cardiographic and the clinical findings. 
The stress on the circulation imposed 
by the surgical procedure apparently 
did not aggravate the course of the 
heart disease. 
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It has been widely recognized that 
lymphoid tissue is among the most sen- 
sitive indicators of damage by Roent- 
gen radiation. Further, after large doses 
of radiation the blood lymphocytes dis- 
appear very rapidly from the peripheral 
blood and are virtually completely ab- 
sent in 24 hours or somewhat less after 
the radiation is administered. It is the 
purpose of this report to record the 
changes in the numbers of thoracic 
duct lymphocytes and rate of flow of 
thoracic duct lymph in cats receiving 
a large, single dose of whole body 
Roentgen radiation. 

Procedures. Thoracic duct cannulations 
were performed in 9 normal animals receiving 
no Roentgen irradiation and in 11 animals 
who were to leceive 1500 r whole body irra- 
diation. Lymph was collected in hourly or 
2-hourly volumes in a graduated centrifuge 
tube and was prevented from clotting by the 
.iddition of 3 drops of 1% sodium heparin to 
the collecting container. After mixing, the 
lymphocyte count per c. mm. was deter- 
mined in duplicate, the specimen volume re- 
corded, and the total lymphocytes in the spe- 
cimen computed. In each inst.ince the values 
for the first 2 hours were designated as .i 
baseline and expressed .as 1009c. The values 
for each succeeding specimen were then ex- 
pressed .IS a ratio or percentage of the b.ise- 
Ime. The first group of animals received no 
irradiation; the second group were irradiated 
after b.iseline values were determined. 

The whole body irradiation in the amount 
of 1500 r imiforinlv results in the death of 
cats within -1 to 7 d.ijs. It is f.ir in eveess ot 
the amount reipiired to accomplish virtu.dlv 

* This paper is based on work perfonned und 
Isiiergy iiroji'ct at the University of Rochester. 


complete disappearance of lymphocytes from 
the peripheral blood in 24 hours or less. The 
following factors were kept constant: Total 
dosage, 1500 r; K.V.P., 250; Milliamper.age, 
15; Target distance to center of cat, 22"; 
Filter, Aluminum par.ibolic -f- mm. of cop- 
per; Half value layer, 2.15 mm. copper; Aver- 
.ige rate of administration, 25 r per minute. 

Presentation of data. It is not valid 
under the e.vperimental procedure em- 
ployed to estimate the changes in thor- 
acic duct lymphocytes and in lymph 
flow purely on the basis of a compari- 
son of values obtained before and after 
irradiation. It has been the e.vperience 
of this laboratory that as a result of 
the procedure itself there is over a pe- 
riod of several hours some diminution 
in the rate of lymph flow, the total 
lymphocytes per unit of time, and, to 
a much lesser e.xtent, of the numbers 
of lymphocytes per c. mm. of lymph. 
This occurs whetlier the animal is irra- 
diated or not. It is therefore necessary 
to compare irradiated animals witli non- 
irradiated animals that have been sub- 
mitted to the same e.xperimental pro- 
cedure if valid conclusions are to be 
drawn. 

The data are presented graphically 
in Figure 1. In the control group data 
are available for only 6 hours after 
the baseline. 

Analysis and discussion of data. It 
can be seen that following 1500 r 
whole body irradiation, the lymphocyte 
count per c. mm. and tlie total Ivm- 

er Contnict .\a. W-7101-eng-19 for tbe .ktomic 
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phocytes per unit of time in thoracic 
duct lymph of cats rapidly become 
depressed when comparison is made 
with determinations in normal animals 
subjected to cannulation. This is ap- 
parent within 2 hours after the begin- 
ning of irradiation and has become 
very marked after 6 hours. The changes 
in lymph volume suggest some reduc- 
tion in lymph flow in the irradiated 
group, but with the relatively small 
number of animals on which data are 


tually, some 12 hours after irradiation 
was begun, the counts fell to low 
values. It is well to include such excep- 
tions to the general pattern of behavior 
after irradiation in order to illustrate 
the marked individual variation in the 
response of e.\perimental subjects to 
radiation injury. However, in 6 animals 
the total lymphocytes were less than 
15% of baseline values 6 hours after 
irradiation, while 8 hours after radia- 
tion was given this factor had fallen 



Fi;4. 1.— The mean values of normal and iiiadiated groups of cats are compared as regards 
lymph volume, lymphocytes per c.mm., and total lymphocytes per unit of time. In every instance 
the values for each specimen were e.vpressed in each animal as a percentage of the base- 
line determination in the same animal, and then these percentages averaged for the group. 
In the irradiated group 1300 r whole body irradiation was begun at "O” hour and completed 
in about 1 hour. The studies were made on thoracic duct lymph. 


available this may not be significant. 
The figures given are mean values, and, 
in the case of the irradiated group, are 
weighted somewhat high by the inclu- 
sion of a single animal whose behavior 
differed ine.xplicably from the remain- 
der of the group. In this animal the 
total lymphocytes and lymphocytes per 
eu. mm. did not progressively fall in 
number but after a preliminary reduc- 
tion actually remained relatively sta- 
iionarv' for several Itonrs after irradia- 
tion. 1 his animal was followed for a 
euu'jiderahle period of time, and even- 


to less than 10% of baseline in 6 ani- 
mals. In 3 animals the lymphocyte 
count per c. mm. of lymph was less 
than 6% of the baseline 8 hours after 
irradiation. 

There is rather strong reason to be- 
lieve that mature leukocytes are detec- 
tably damaged only by tremendous 
doses of Roentgen radiation (much 
larger than those given here), and that 
it is the precursor cells which are so 
very sensitive to penetrating radia- 
tions. It is, of course, not possible to 
say that mature cells subjected to radi- 
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ation may not be destroyed at a rate 
more rapid than normal despite the 
apparent lack of morphologic damage. 
It does seem likely, however, that fully 
matured lymphocytes present in the 
lymphoid tissue at the time of irra- 
diation can be expected later to appear 
undamaged in considerable numbers 
in the . lymph draining those tissues. 
If such is the case the lympho- 
cytes found in the thoracic duct 
lymph following 1500 r whole body 
irradiations are: (1) the progeny of 
cells still capable of undergoing mitosis 
for one or more times after irradiation 
(2) lymphocytes which were relatively 
mature at the time of irradiation and 
which were subsequently washed out 
morphologically intact by the flow of 
lymph through the nodes. In short, the 
joint phenomena of production plus 
release from storage account for the 
continued presence of lymphocytes in 
thoracic duct lymph for a time after 
heavy irradiation. 

It is a fact that in these e.xperiments 
the irradiated group of cats were able 
to produce in the first 8 hours after 
irradiation a total of only 104% of 
the number of lymphocytes produced 
in the 2 hours before irradiation. At 
the end of this 8-hour period tlie num- 
bers of lymphocytes present were so 
small as to be almost negligible and 
were continuing to be reduced further. 
In addition, if the first 2 hours after 
the start of irradiation are disregarded, 
the animals were able to release in the 
subsequent 6 hours only 51.7% of the 
numbers of lymphocytes released dur- 
ing the 2-hour pre-irradiation period. 
Not all of this reduction in lympho- 
cyte numbers can be attributed to the 
effects of irradiation. Part of it is arti- 
fact in that it results from the experi- 
mental technique since normal, un- 
treated animals in control groups pro- 
duced only 7/12 as many lymphocytes 
during a 6-hour period as would be 
anticipated from the baseline deter- 
minations. Using the reciprocal of this 


value, 12/7, we can correct to a rea- 
sonable degree the values obtained in 
the irradiated group. 

When this is done we find a “cor- 
rected” value of 178% of the number 
of lymphocytes produced in a 2-hour 
pre-irradiation period released in the 8 
hours after irradiation. Again neglect- 
ing the first 2 hours after the start of 
irradiation, the “corrected” figure for 
the subsequent 6 hours is 88.6% of the 
total lymphocytes produced in the 
baseline period. At the end of this 
time lymphocyte release was nearly at 
a standstill. Stated otherwise, if lym- 
phocyte release subsequent to the 8th 
hour after irradiation is disregarded 
as negligible, the sum total of com- 
bined production plus release of ma- 
ture cells from the lymphocyte ware- 
houses after 1500 r whole body irra- 
diation is begun amounts to somewhat 
less than a normal 4-hour supply. More- 
over, within 2 hours after the start of 
hradiation, a potential of a little less 
than 2 hours’ normal supply of lym- 
phocytes remains in the nodes drained 
by the thoracic duct. If mature lym- 
phocytes are not damaged severely by 
Roentgen radiation of this degree, then 
a reserve stock of less than 4 hours’ 
normal supply is present within the 
lymph nodes; if all the lymphocytes 
released resulted from continuing pro- 
duction (as is highly unlikely), then 
no more than a 3 to 4 hour supply 
could be produced from the time irra- 
diation was begun. If the former con- 
ditions are assumed the mature lym- 
phocyte reserve is small indeed, while 
in any event production must cease 
or nearly cease quite promptly after 
severe radiation injury. 

The above release of lymphocytes 
into the thoracic duct after 15(){) r 
whole body irradiation can be em- 
ployed to compute capacity for re- 
plenishment of the peripheral blood. 
If w e assume our average cat to weigh 
3 kg. the a\erage blood \oluine (on a 
5% of body weight basis) to be 150 cc.. 
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the average leukocyte count to be 
15,000 per c.mm., and 25% of the cells 
to be lymphocytes, one can readily 
compute the average absolute lympho- 
cytes to be 562.5 x 10'\ The number of 
the total number of circulating lympho- 
cytes to be 562.5 x 10'’. The number of 
lymphocytes released in the 8 ’hours 
subsequent to the start of irradiation, 
even when “corrected” for the experi- 
mental procedure, could not exceed 
314.8 X 10'’’. Therefore, if the small num- 
ber released after the 8th hour is dis- 
regarded, enough lymphocytes suffi- 
cient to replace slightly more than one- 
half the circulating lymphocytes are 
found in thoracic duct lymph after the 
amount of irradiation employed in 
these experiments. The computations 


admittedly lack strict quantitative ac- 
curacy, but it shotdd be possible to 
rely on the order of magnitude of the 
changes observed. 

Conclusions. The sum reserve of lym- 
phocytes in the lymphoid tissues 
drained by the thoracic duct in cats is 
very small. From the time 1500 r whole 
body irradiation is begun, the total 
number of lymphocytes subsequently 
appearing in thoracic duct lymph 
amounts to no more than appro-ximately 
a normal 4 hours’ supply. Following 
this amount of Roentgen irradiation the 
numbers of lymphocytes in thoracic 
duct lymph very rapidly decrease, the 
reduction being noted within a very 
short time after irradiation is begun. 
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Congenital hemolytic jaundice is 
considered to be extremely rare in the 
Negro race. Wintrobe’^ encountered 
only one instance in a Negress of mixed 
blood. Scherer and CeciP reported an- 
other case in a 14 year old Negress, 
and stated that in their rather exten- 
sive experience with Negro blood, this 
was the first, case tliey ever noted. 
They also quoted Kracke and Haden as 
never having encountered any. Strag- 
nell and Smith*^ observed three exam- 
ples of this disease among 5 Negro 
siblings. In reviewing the records of 
the Presbyterian Plospital (New York), 
where Negroes constitute approximate- 
ly 10% of the patients, these authors 
found 78 examples of congenital hemo- 
lytic jaundice in white, but only 1 in 
a mulatto woman. Goodman and Cates- 
studied another Negro family which 
inclnded 3 sisters suffering from con- 
genital jaundice. The only odier pos- 
sible instance in tlie literature is that 
of Merskey and Baskind'* in an Afri- 
can native. This case had all the fea- 
tures of congenital jaundice, but be- 
cause the family could not be studied, 
the authors were not able to rule out 
the possibility of its being acquired. 

In the present re^iort we wish to add 
three more cases of congenital hemo- 
lytic jaundice in a Negro mother and 
2 daughters. 

Ciise Reports. Case 1. M. R. \\^, mother, 
age oS, w.is first observed in anotlier hospit.il 
where, in Xovember, 19M, she was treated 
for pneumonia and latent syphilis (\V.isser- 
mann 4-f-, Kline l-r). that time she was 
discovered to h.ive anemia witli hemoglobin 


of 58% and red cell count of 2.28 million, 
but no special studies were made to deter- 
mine the type of anemia. 

She was readmitted to the same hospital 
6 months later (May, 1945) by ambulance, in 
a semi-comatose condition. Previous to this 
admission she had complained of increasing 
weakness, abdominal pains and inability to 
do her housework. These symptoms became 
progressively worse until she lapsed into 
stupor. On admission, the blood pressure was 
110/70, pulse imperceptible. The eyeballs 
were yellow and the mucous membranes very 
pale. There was evidence of pneumonia pos- 
teriorly on the right. Roentgenograph of the 
chest showed also enlargement of the heart, 
mainly to the right. The liver was palpable 
and tender. No mention was made of the .size 
of the spleen. 

Laboratory examination showed 1-f al- 
bumin and some red cells in the urine. Ad- 
mission hemoglobin was 15%, red cell count 
830,000 with 3.9% reticulocytes. Platelet, 
white cell count and dillercntial were within 
normal limits. The red cells exhibited slightly 
increased fragility to hypotonic solution of 
saline, with hemolysis beginning at 0.47% 
and completed at 0.34%. Icterus index w.is 
10. Sternal aspiration showed normal marrow 
with myeloid— en'throid ratio of 4 to 1. 
Wassermann reaction was 2-f, Kline 4-t-. 

The patient was treated with blood tr.ms- 
fusions, the first 2 of which were accom- 
panied by reactions. She was disch.irged aj> 
proximatclv I month later with hemoglobin 
of 48%. 

She was admitted to the Baniert Memorial 
Hospital nearly 3 years later, on April 19, 
1948. In the interim she had been reason- 
ably well, and bore one child, her seventh, 
without complications. Nine d.ays previous 
to the present admission, the patient delis ered 
a female infant, her eightli child, at home, 
spontaneously and without any immediate dif- 
ficulties. However, on her third postpartum 
d.iy, she des eloped generalized alxlomin.d 
p.un with vomiting and fever. .Vfter a few 
days the pain localized in the right upper 

(3^3) 
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quadrant and right costovertebral area. The 
urine became darker in color and sclerae 
turned sh'ghtly yellow. 

On e.xamination the patient had typical 
Negroid features and dark brown skin. Tem- 
perature was 99.4°. The skull was "tower- 
shaped” (Fig. lA), die sclerae slighdy jaun- 
diced, the mucous membranes very pale. 
There was a blowing systolic murmur at the 
apex. Roentgen-ray of the chest revealed 
moderate enlargement of die heart, mostly to 
the right. The liver extended appro.ximately 
2 fingerbreadths below the right costal mar- 
gin and the firm tip of the spleen could be 
definitely felt on inspiration. The uterus was 
well involuted. There was no evidence of re- 
cent or old ulcerations of die legs. 


the fear of reactions. The patient improved 
gradually, her temperature remained normal, 
and she was discharged with a hemoglobin 
or 7 gm. Splenectomy was refused. 

As of last e.xamination (June, 1948), she 
was asymptomatic except for slight yellow 
tint of die sclerae. The spleen was not pal- 
pable and hemoglobin was 9 gm. 

Case 2. A. R., age 9, daughter of M. R. W. 
(Case 1). This child was admitted to another 
hospital at the age of 6 years in May, 1943. 
Her illness coincided widi that of her mother 
(see above) and manifested itself with sim- 
ilar symptoms, mainly, progressive weakness, 
epigastric distress and jaundice of one week’s 
duration. Except for usual childhood dis- 
eases, she was apparendy well until the onset 



Laboratory' examination showed severe 
anemia with marked spherocytosis and retic- 
ulocytosis, increased fragility of red cells and 
nuirkedly incre,ised c.xcretion.of urobilinogen 
in the urine (Table 1). The latter gradually 
decreased from 1:1200 to 1:40 (method of 
Wallace and Diamond), but even before dis- 
charge, 10 days later, she still excreted 380 
mg. of urobilinogen in 24-hour stool speci- 
men. Test for henioiysiirs in serum was neg- 
ative. There was some evidence of tempo- 
rary liver disturbance; cholesterol ester w.is 
reduced to 50Cc of total, and the albumin: 
globulin ratio was reversed, 2.3/3.5; cepiialin- 
cholesterul llocculation test showed a -S-f- 
re-iction shortly after admission, hut hecame 
neg.itisc on the d.iy of discharge. Serological 
lets for sypiiiiis g.ive the following results: 
Ma//ini l-f-, Kahn l-p, Kolmer i. Roentgen- 
t.iy of the skull showed considerable thick- 
I nir.g of the caK.rrium with wideniivg of the 
diplu'.c space, and some distortion in the oul- 
of t!.f cliiiuid jitocesses of tile sella tur- 
siea I Fig. 2.Vi. 

11. traps cot.sLSsd solely of high protein 
d.tt. 'i lan-tfuv.iius \site withheld because of 


of the present illness. Her temperature at the 
time of admission was 104°. The mucous 
membranes were very pale and the con- 
junctivae jaundiced. On Roentgen-ray exam- 
ination, tlicre was moderate enlargement of 
the heart, mostly to the right. The liver was 
2 fingers and the spleen 1 finger below the 
costal margins. 

Laboratory studies showed a hemoglobin of 
22%, red ceil count less than 2 million, 
retifuiocytes .5%, increased fragility of red 
cells (beginning hemolysis of 0.30% saline, 
complete in 0.38%), icterus index of 14, and 
negative Kline test. 

She remained in the hospital for 3 months 
running a febrile course. The spleen increas- 
ed in siie, then gr.idually decre;ised, and 
the fever ah.Ued. Therapy consisted of iron, 
li\er extr.ict and blood transfusions. Splen- 
ectomy w.is suggested hut refused. She w.is 
disclwrged with :i hemoglobin of 43% and 
red cell count of 3.0 million. 

On examin.ition at the ihimert Memorial 
Ilo'.pitid clinic, in June, 1948, tlie child pre- 
senttd no complaints. She h.id been coin- 
p.iratively wt41 for the past 3 years. She w;is 
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rather small for her age, but otherwise fairly 
well developed. Her skin was dark brown, the 
skull “tower-shaped” though less distinctly 
so than that of her mother’s. (Fig. IB). The 
sclerae were slightly jaundiced. The spleen 
could not be palpated. Roentgenograph of the 
skull revealed marked thickening of the 


Table 1). Aside from manifestations of her 
pulmonary condition, clinical examination 
was essentially negative. The spleen could 
not be palpated, though it appeared to be 
enlarged on Roentgen-ray films. Roentgeno- 
gram of the skull revealed no significant 
changes. 



frontal and parietal bones witlr widening of 
tire diploic space and parti.il absorption of 
the outer t.ihle (Fig. 211). The laboratory data 
are suimnari/ed in Table 1. 

C.ssu 3. Do. R., age 5 daughter of M. 
R. \1'. (Case 1). For the past sear and a half, 
this child has been treated in a san.itorimn 
for adult l\pe of puhnon.rrx- ttrbereulosis and 
w.is known to be .ineinic (heinoglolrin -{aG). 
Detailed study of the blood rescaled changes 
typical of congenital henrolstic jaundice (see 


Stody of the F.\mily. In addition 
to the 3 members described above, the 
family consisted of 4 other children by 
the first husband (who had died of tu- 
berculosis), and 2 more children by a 
second husband. None of these 6 chil- 
dren had con"euital hemolvtic jaun- 
dice. though all of them were slightiv 
or moderately anemic, probably be- 
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cause of nutritional deficiencies (see 
Table 1). In the youngest of the chil- 
dren (J.W.), anemia was distinctly mi- 
crocytic, but there was no spherocyto- 
sis and fragility of red cells was within 
normal limits. One of the boys (Al.R.) 
had a suggestion of a “tower-shaped” 
skull without any Roentgen-ray evi- 
dence of increased marrow activity. 
The second husband (Co.W.) showed 
approximately normal hemoglobin and 
red cell count but his mean corpuscu- 
lar diameter was low and red cell fra- 
gility was distinctly decreased. One of 
his ehildren (Gn.W.), and the young- 
est child by the first husband (H.R.) 
also showed decreased fragility. In 
none of these 3 persons, and for that 
matter in none of the members of the 
entire family, was there any evidence 
of the sickling trait. All members be- 
longed to blood group O, Rh positive, 
and all, with the exception of the moth- 
er, were serologically negative. All 
were dark brown in color and had dis- 
tinct Negroid features. 

Comment. The diagnosis of congeni- 
tal jaundice in all 3 cases is well estab- 
lished by tlie typical clinical and labo- 
ratory findings and the familial inci- 
dence. Skull roentgenograms in Cases 
1 and 2 are quite characteristic of a 
cluonic hemolytic process, or better, 
of marrow hyperplasia associated with 
this condition. Such changes in the 
bones are more often seen in Cooley’s 
anemia or sickle cell anemia, but are 
occasionally found also in congenital 
hemolytic jaundice.^ 

Hemolytic crises occurred in Cases 
1 and 2 on one occasion simultaneous- 


ly. These simultaneous crises in sev- 
eral members of a family have been 
commented upon by some observers.^ 

The rarity of congenital hemolytic 
jaundice in the Negro race raises the 
question as to whether the few report- 
ed cases are caused by admixture of 
white blood.^ Such admixture was ob- 
vious in some cases," but not in oth- 
ers. The family presented here as well 
as the one studied by Stragnell and 
Smitli® were typical Negroes as far as 
facial features and color of the skin are 
concerned. If true cases of congenital 
hemolytic jaundice in African natives, 
similar to the one reported by Merskey 
and Baskind* are found, tlien the hy- 
pothesis of miscegenation will become 
unnecessary. 

Summary. 1. Three typical cases of 
congenital hemolytic jaundice were en- 
countered in a Negro family consisting 
of 10 persons. 

2. In 2 of them, mother, aged 38, ■ 
and daughter, aged 9, the disease was 
quite severe, accompanied by hemo- 
lytic crises and typical Roentgen-ray 
changes in the bones of the skull. In 
the tliird case, daughter, aged 5, tliere 
were typical blood changes, but as yet 
few clinical manifestations. 

3. Review of the literature shows 
that congenital hemolytic jaundice is 
very rarely found in tlie Negro race. 

We are indebted to the staff of the Paterson 
General Hospital for data of previous ad- 
mission in Cases 1 and 2, and to the staff of 
the Valley View Country Sanatorium for 
some of the clinical and roentgenoloi’ical data 
in Case 3. 

Miss Selma Peller and Miss Cerda Pet^al! 
gave valuable technical assistance. 
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Recent reports of reduction in blood 
volume in patients suffering from 
chronic infections and malignancies*-** 
suggest the possibility of similar changes 
in individuals with chronic degenera- 
tive diseases. In reviewing the litera- 
ture, however, no systematic studies of 
blood volume in normal elderly indi- 
viduals could be found. The only study 
containing relevant data is that of Gib- 
, son and Evans, ^ who included measure- 
ments on 5 males above 50 years of age. 
Before conclusions concerning the ef- 
fects of chronic degenerative diseases 
can be drawn it is necessary to know 
whether significant changes in blood 
volume occur with advancing age. The 
purpose of the present study was to 
gather data on plasma volume and total 
blood volume in elderly males exhibit- 
ing no clinical evidences of disease. 

Materials and Methods. Blood Volume 
SiuDiEs: The blue d\e T1S24 (\Vm. Warner 
it Co.) w.ts used for me.isuring pl.isma vol- 
ume, according to the method of Cregersen.* 
Optie.il density mc.isurcments were made on 
the Model 14 Coleman spectrophotometer at 
a wase length of CIO m;i. Serum was used 
for the colorimetric determinations instead of 
pLisiua in order to mininii/c hcmol)sis, since 
Ctegtrsen and Schiro'' found no sisinific.mt 
elunges in d\e levels before and after co- 
agulation of the blood. The total blood vol- 
ume was calculatid from the pbisnia volume 
and the vtnous hematocrit, utilizing a concc- 
tiim factor of 0.00 x heinaloerit to CDmpens.ite 
for pLwiii.i tr.vpped among the cells.^ ffem.ito- 
in! ih !i rmiintioas were done bv the Win- 
tt\i!,e iiiiiIkkI m wliith ihe snttiiiieas were 
K i.!riftigt<l at OOfX) rpiu for 30 minutes. 


Selection of Subjects: Subjects were 
selected from the population of the Infirmary 
Division of the Baltimore City Hospitals using 
the following criteria: All subjects were am- 
bulatory, had no recent surgical operations, 
and were free from any acute or chronic in- 
fections. Individuals were, however, included 
who exhibited occasional coarse rales with 
some morning cough over a period of years 
(by history and notation in the medical rec- 
ord) indicative of chronic bronchitis, a com- 
mon finding in the Baltimore area. None of 
the subjects showed any evidence of fluid 
retention, ankle edema, constant fine moist 
rales at the lung bases, enlarged liver or 
abdominal fluid. All patients with a history 
of liver disease, heart failure, or e.xertional 
dyspnea were excluded. Hypertension per se 
was not disqualifying. Individuals with ar- 
teriosclerosis in various forms and to varying 
degrees were included. None of the subjects 
tested vv;is receiving medication of any kind. 

To assure constancy of conditions, all ac- 
ceptable subjects were transferred from the 
Infirmary Division to the Gerontology Ward 
of the Hospital the day before the test. All 
blood x-olume studies were made in tbe morn- 
in<i under b.isal conditions; that is, no food 
or fluids were available after 8 p.m. on the 
evening before the test; tests wx-re nin at 8 
a.m. the followong morning while the patient 
w.is still in bed, before hreakf.ast was served. 
The height and weight (nude) of each sub- 
ject Were recorded immediately following the 
test. Plasma and tot.al blood volume per kg. 
body weight were c.alculatcd for each subject. 

Results. No evidence of change in 
plasma or blood volume per unit of 
bodv weiglit was found in observations 
collected on 60 male subj'ects between 
tbe ages of 50 and 90 years (Table !)• 
Plasma xolume ranged from a mini- 
nuim of 31.29 cc. per kg. in a person 77 
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years old (Subject 30) to a maximum 
of 62.47 cc. per kg. in a 53 year old 
person (Subject 4). The range in total 
blood volume was from 54.33 cc. per 
kg. in a 77 year old man (Subject 30) 
to 100.60 cc. per kg. in a man of 71 
years (Subject 43). A comparison of 


the values obtained in the present study 
with the observations of Gibson and 
Evans-' on young adults is shown in 
Fig. 1. Variations between subjects 
were large even within a single age 
decade. 

No significant change with age was 


TABLE l.-PLASMA VOLUMES AND TOTAL BLOOD VOLUMES FOR 60 M.VLES 

ABOVE THE AGE OF 50 YEARS 


Subject 

Age 

Weight 

Height 

Plasma 

Volume 

Total Blood 
Volume 

lUmatocnt 

No. 

Yrs. 

kg. 

cms. 

cc./kg. 

cc./kg. 

Co 

1 

50 

59.54 

157.48 

57.40 

98.18 

43.1 

2 

57 

61.36 

170.82 

49.29 

84.12 

43.3 

3 

55 

56.59 

157.48 

44.93 

77.77 

410 

4 

53 

65.91 

164.47 

62.47 

96.23 

36.6 

5 

56 

47.50 

157.48 

54.86 

92.53 

12.1 

6 

50 

78.41 

173.99 

49.18 

82.29 

11.1 

7 

57 

62.27 

168.91 

37.72 

70 90 

18 8 

8 

67 

74 09 

169.55 

45 11 

78.18 

11 1 

9 

68 

54.32 

137.48 

55.1 1 

87.37 

38.1 

10 

68 

47.72 

— 

42.33 

82.35 

50.6 

11 

68 

57.86 

165.10 

58.57 

96.65 

11 0 

12 

64 

63.41 

161.29 

38.72 

68.77 

43.5 

13 

63 

87.95 

173.99 

41.38 

67.29 

40.1 

14 

65 

47.60 

133.67 

51.58 

83.19 

39.6 

15 

63 

75.46 

175.26 

33 81 

86 39 

10 0 

16 

64 

65.46 

179.07 

47 68 

76.17 

39 0 

17 

61 

66.14 

166.37 

40.12 

68.36 

13.0 

18 

68 

66.36 

163.83 

56.10 

81.31 

32 2 

19 

61 

56.82 

167.64 

41.22 

76.12 

43 6 

20 

64 

65.00 

168.28 

40 52 

70.97 

11.7 

21 

61 

63.64 

161.29 

39.97 

67.32 

42 5 

22 

69 

68.64 

158.75 

43.27 

71 83 

110 

23 

67 

71.82 

168.28 

32 48 

60.83 

13 5 

24 

65 

82.27 

177.80 

51.79 

81.19 

10 3 

25 

64 

70.91 

169 35 

56.61 

99.18 

11.7 

26 

73 

39.51 

137.18 

40.1 1 

72.72 

10.7 

27 

71 

50.91 

161.93 

48.22 

91.93 

51.2 

28 

78 

62.27 

163.10 

53.89 

85 00 

38.1 

29 

70 

51.59 

163.56 

14 79 

77.35 

13 9 

30 

77 

82.27 

167.6 1 

31.29 

51.3 3 

41.2 

31 

70 

74 09 

171.15 

11.85 

71.66 

13 3 

32 

72 

36.11 

163.83 

51 00 

92 00 

13 0 

33 

71 

52.27 

160.02 

51.79 

87.18 

12.3 

31 

75 

19.77 

161.29 

52.09 

89 83 

43 7 

35 

78 

43.68 

165.74 

41.22 

76 12 

13 6 

36 

70 

63.63 

160 66 

41 87 

71 68 

39.0 

37 

70 

56.36 

163 20 

4 106 

75 09 

43 1 

38 

70 

5 1.5 1 

112 21 

51.91 

97 89 

15 7 

39 

76 

60.15 

137. 18 

12.22 

71.32 

15 0 

10 

71 

63.18 

165.10 

15 3.5 

79 8 3 

15 0 

11 

71 

77.50 

160.02 

50.58 

79 78 

38.1 

12 

70 

50. 15 

153 04 

18 80 

81 32 

11.7 

13 

71 

60.00 

165.10 

59.78 

100 60 

12 3 

1 1 

79 

61.32 

167 6 1 

13 89 

71.95 

10 6 

15 

8 3 

73.86 

163 83 

38.13 

— 

— 

16 

SI 

61 09 

160 02 

50 10 

82 09 

39.50 

17 

82 

o5. 15 

166 37 

16 25 

76 72 

11.10 

18 

82 

65.2 3 

166.37 

38 15 

60 39 

12 9 

19 

88 

oO 00 

15191 

60 86 

93.18 

36 1 

50 

87 

61.36 

131 31 

19.12 

82 28 

12 0 

51 

8 3 

66 36 

165 7 1 

50 91 

81 80 

39 1 

52 

88 

61.1 1 

160 66 

17 25 

76.16 

39 8 

53 

82 

68.10 

16S 28 

10 71 

61 66 

35 1 

5 1 

81 

55 23 

166 37 

55 16 

87 88 

38 1 

.55 

85 

57 05 

166 37 

16 52 

81 28 

16.7 

56 

85 

6 1.77 

17 3 99 

5 3 05 

84.17 

ib.T 

57 

80 

57.50 

172 72 

56 21 

98 13 

1 1.7 

58 

87 

15 00 

157.18 

51 82 

91 55 

n b 

59 

87 

.55 2 3 

1 57.4 8 

19.12 

79 71 

JO 0 

00 

90 

10 91 

163 56 

60.30 

98..>J 

10. J 
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found in mean plasma or blood volume In order to minimize factors con- 
in the present study (Table 2). Statist!- tributing to lowered or increased blood 
cal analysis of the data from Gibson and volume, subjects were carefully se- 
Evans^ also failed to demonstrate a lected. In addition to tire problems of 
significant change with age in younger fluid retention, which lead to increased 
subjects. However, tire average values blood volume, every attempt was made 
for plasma volumes obtained in the to exclude any factor which might pro- 
present study were slightly higher than duce a lowered blood volume. Taylor 
those reported by Gibson and Evans et al.~ observed a diminution in the 
(Present study, ^In=:48.00 cc. per kg.; blood volumes of normal young males 
Gibson and Evans, ]Mn~43.19 cc. per during periods of prolonged bed rest, 
kg.; difference=:4.81 cc. per kg. t= To obviate the possibility of this factor 
3.57). confusing the study, only ambulatory 



ao 30 40 50 60 70 80 90 

AGE YEARS 


FIG. 1.— Total blood solunics, cc. per kg. and pLisuia volumes, ce, per kg. in 103 inale.s. 
n Tot.d blood soluine detemiinalions from Gibbon and Evans^; m Plasiij.i volume (Gibson 
.md E\ai>sU. o Total blood \olume, present study; • Plasma volume, present study. 

Discussion. Gibson and Evans,^ subjects were used. The Infirmary 
observing 5 males above the age of 30 population has, within the 6 months 
ye.irs. .state: “Analysis of absolute and prior to the study, been surveyed 
relatiw \olumes by decades . . . shows roentgeiiographically for tuberculosis, 
a teiideiicy iu both sexes for values to and all patients with suspected active 
remain at or rise above the average tuberculosis have been removed for 
lesels in the series during middle life further investigation along these lines, 
and to decline with advancing age." None was included in this study. As 
I his is not in keeping with the findings stated above, all subjects were hospital- 
in the present study in wiiich no ized the night before determinations 
changes with age were observed. were made in order to make the condi- 
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tions surrounding the test as homoge- 
neous as possible. 

Since no systematic age trend was 
observed in either study, the slightly 
higher values obtained in the present 
study, as compared with the results of 
Gibson and Evans,-* may be attributed 
to differences in technique. The pre- 


3‘Jl 

Gregersen* were made on 60 normal 
males above the age of 50 years. The 
data obtained were analyzed statisti- 
cally by decade subdivisions. Similar 
statistical analytic procedures were 
applied to data obtained from a study 
by Gibson and Evans'* on individuals 
below the age of 50. No significant 


TABLE 2.-STAT1STICAL ANALYSIS OF AGE CHANGES IN PLAS.MA VOLUME, TOT.\L 
BLOOD VOLUME, AND HEMATOCRIT IN MALES 

Data from Gibson and Evans3 Data from prc-sonl study 



19-29 

30-39 

•10-49 

50-59 

GO-69 

70-79 

so plus 


yrs. 

yrs. 

yrs. yrs. 

Plasma volume cc. per kg. 

yrs. 

yrs. 

yrs. 

Mn 

42.33 

45.54 

42.34 

50.84 

46.64 

47.19 

49.83 

N. 

21 

11 

9 

7 

18 

19 

16 

S.D. distr. 

5.57 

5.38 

3.04 

7.61 

7.27 

6.39 

6.70 

S.D. mn 

1.24 

1.70 

1.07 

Total blood volume 

3.11 

cc. per kg. 

1.76 

1.19 

1.73 

Mn 

77.34 

81.95 

73.50 

86.09 

78.33 

80.71 

82.84 

N 

21 

11 

9 

7 

18 

19 

15 

S.D. distr. 

8.09 

8.06 

6.20 

9.36 

10.06 

10.97 

10.99 

S.D. mn 

1.81 

2.54 

2.19 

3.82 

2.4-1 

2.55 

2.83 


vious investigations used the multiple 
sampling procedure,- whereas in tliis 
study the single 10 minute sampling 
technique was used. 

Summary. Blood volume determi- 
nations utilizing the dye T1824 and 
the 10 minute sampling method of 


changes in blood or plasma volume per 
unit body weight were observed with 
increasing age. 

Conclusion. From the data pre- 
sented it is concluded that plasma 
volume and total blood volume per 
unit body weight in males do not 
significantly change with age. 


Tile authors wish to thank Dr. Maurice C. Pincoffs, Professor of Medicine, University ol 
Maryland Sehool of Medicine, for liis stimulation and guidance during the course of this study. 
The technical assistance of Mary Jane Ploskins is gratefully acknowledged. The authors are 
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The term funnel-shaped is used to 
describe the type of chest usually ob- 
served in persons of slight build and 
characterized by depression of the 
lower end of the sternum and the cos- 
tochondral ends of the 4th to the 9th 
ribs. This results in a distinct diminu- 
tion in the antero-posterior diameter of 
the chest at the level of the xiphoid 
process. Other terms for tliis deformity 
are, trichterbrust, pectus e.xcavatum 
and chone-chondrosternum. The flat 
cliest is one with a small postero- 
anterior diameter of the entire thorax. 
Both types of deformity are not uncom- 
mon and are often associated.-^ Al- 
though the heart is often shifted to the 
left, in the majority of patients symp- 
toms are either absent or insignificant. 
However, symptoms and signs may be 
present and may simulate and must 
be distinmiished from, orjianic heart 
disease, rheumatic or congenital. 

Ijj instances the sternal 
depression is extreme, producing ero- 
sion of the vertebral column and right 
heart failure.* 

.Material: This rL-[X)rt camprist-s .i st-rifS of 
23 patients \Mth funnel or flat chest referred 
for eunsiiltation because of a presumptive di- 
a'^no.is of or'.;.inic heart dise.ise. The latter 
u.LS exeliukd in each c.isc by means of phvsi- 
tal e\.iiiui:.itiun. elcctr(KMrdio'. 4 rain, Hoentgeil- 
ia_c ai.vl fh.uruicopic cx.unin.ition. 

Results. .\n .in.ilvsis of the findings is 
{'resented in I.ible 1. .\lthough the ages 
ranged from o to 30 years, all but 3 of 
the patients were under -10. The aver- 
age age uas 20.3 \e.irs. 

-■ .. ) 


Men predominated 4 to 1, the same 
ratio as that reported among cases in 
the literature. However, the ratio is dis- 
proportionately high in our series since 
the majority of cases were seen in mili- 
tary service; of the 10 cases seen in 
private practice 6 were men. One other 
writer, Kuhns,*** also noted a 1 to I 
ratio. 

Four-fifths of the patients were of 
asthenic habitus, several being e.xtreme- 
ly tall and thin. None of the patients 
was obese or of the pyknic type. The 
chest was funnel-shaped in 16 patients 
and flat in 2. In the remaining 7 there 
was a combination of flat and funnel- 
shaped chest. 

The majority of tlie patients were of 
a nervous temperament. Ten patients 
complained of both precordial pain and- 
dyspnea; palpitation occured in 6, diz- 
ziness and fatigue each in 4, joint 
pains and fainting twice. These symp- 
toms liave been observed by other 
writers. ’■ 

A loud systolic murmur was present- 
in 60% of the cases and is a coinmoii- 
finding.'*’*'-*^--*’-**-'*** In 2 cases the lieart 
seemed enlarged in the postero-anteri- 
or view but this was disproven by study 
in the lateral and oblique positions^ 
(Fig. I). The heart was definitely dis- 
placed to the left in 16 of*the 2.5 pa- 
tients. In S cases the left border of the 
heart was “straight” and in 10 the pul- 
monar\’ artery segment appeared ab- 
normally prominent (Fig. 2.-\,-3), 
suggesting "mitralization.”' ' 
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The electrocardiogram was usually 
normal, yet right axis deviation was 
present in 5 cases (Fig. 2B) and a 
tendency to it in 4. This incidence is 
greater than that found in normals for 
the age group of our patients. In nor- 
mal persons without chest deformity in 
this age group there would probably 
be none with right axis deviation and a 
good many with left. In a number of 
electrocardiograms QRS was small in 
Lead 1 (Fig. 4). Left a.xis deviation 
was present only once. Cases 1 and 10 
revealed large or notched P-waves in 


ticularly chronic rheumatic valvular 
disease. 

Case liisfories. C^se 1. J.C.G., a young 
man, aged 17, was referred because of easy 
fatiguabdity. Physical evaminatioa revealed a 
slender youth weighing 135 lbs. and 5 ft. 7 in. 
tall. There was a distinct depression of the 
lower portion of the sternum. A thnll was 
present and a short high-pitched systolic mur- 
mur was heard at the ape.\. A rough grating 
systolic sound was audible in the pulmonary 
area. The ape\ ot the heart seemed to be 
shifted upward and to the left. This displace- 
ment was confirmed by roentgenographic ex- 
amination (Fig. 2A). The electrocardiogram 
revealed right axis deviation; evidence of myo- 



Fig 1. (Ca^e 22).— H. H , man, aged 21 >cats. Th« heart is round and full wuh a wide waist. It appears 
U> 1)1* it the upper limit of nonnal m size, if not shghtl> enlarged. The lateral view shows the heart is m 
ri4ht> Muall .md spread or “iMncaketr* out h> the anterior chcit wall and the depression of the lower portion 
of the >ten)mn wUeh idmo>t toueheb the* vertebral column. 


Leads 2 and 3 (Fig. 2B, 4). Thus, the 
electrocardiogram is that seen in per- 
sons of asthenic habitus and in iieu- 
rocirculatoiA’ astJienia.-'' The electro- 
cardiogram in funnel chest has been 
reported normal or showing some de- 
cree of right a-xis deviation*"-''-''’ 
or even left axis dex iation.'’ Griesha- 
h"r' ‘ in addition found changes in 
the T-xxa\e in Leads 2 and 3. Teplick 
.iiui Drake'* reported minor changes 
m the chest leads. Premature beats, 
sums arrhythmia and other irregulari- 
tu-. (ittnr (icta-.ionally.*"-* ' 

'Ihe foHoumg hnef case Iiistories are 
fxjut.d .uui t!ln->tr.tte tiie iiiiport.iuce of 
t!u' dun r« nti.d diagiio-.L of funnel 
ftom orgiiuc In .irt disease, par- 


c.ircli.il invohemeiit was not present (Fig. 

2B). 

The .isthcma of this patient, the systolic 
murmur and thrill at the apex, tlie rough sys- 
tolic murmur oxer the pulmonary area and 
the right axis deviation were attributed to the 
marked funnel-shaped depression of the ster- 
num with displacement and rotation of the 
he.irt. 

C.xsE 2. J S.S., a man, aged 33, was re- 
ftnred htcaiise of sharp prtcordial pain, short- 
ness of breath and episodes of rapid beating 
of tile he.irt. Physical examination revealed a 
ve-ry tall, thin man 135 lbs. in weight and 6 
ft 3 in. in h( ight. The chest was flat xvith a 
depression of the lower tlircc-fourths of the 
stirmnn. .V short systolic murmur was heard 
at the ajiex; the- second pulmonic sound xvas 
.leeentii.ited. 'i'he hltxid pressure wms 120/82 
mm. llg. Fhioro,topic and roentgenognipluc 
fx.iimn ition of the chest showed straightening 
of the- left border of the lie-art .and prominence 




Fic. 2 V. 



1 ui 2\. ( C.i%c 7).— J. C. G. bo\ 17 \t.us. Tlio tt!in>inti;iiu>^rain iii tl.e Jiajtint-aiiiti.ur 

(loft) jlui\ts Iho ilupliraiUi low m the tliora\ and the hiatt and aptj: shJtod to hit The hft ! ^idif cf the 
hi art i» »It.iiv;ltU til'd and tljo nenm of the pulmuiiao irttn l^ pm mm at. 'fie naff I'urdir .» h Mi -i i'i 
till- \oitohtal eohimn llio lateral \itw (ti^ht) $how» the dipnswon uf the lowir hill of the >:i m t-i i 1 t e 
narrow antoio-poitrrior diamricr of the eliot. The lu ut i> mi ill Fu. 2Ii-rJt ihiiHAaiJ c .ra i il^.j 
a normal limit rlnthia, rale about 90-U5 biali i mmi.ti. with j neht .u.. ihtmM i li (hi Olfi. I^.i 
1' (auriiular) ware m Li'adi II a-M III are small, but w de aid p 'hplm i. 
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of the right border. The resting electrocardio- 
gram revealed right axis deviation. 

The dyspnea, precordial pain and paroxys- 
mal tachycardia were explained by the not 
uncommon association of these disturbances 
with flat and futmel-shaped chest and with 
neuxocirculatory asthenia. 

Case 3. D.R., a woman, aged 24, had been 
refused admission to the Army Nurse Corps 
because of a systolic miurmur over the pul- 
monic area. Physical examination revealed an 
asthenic woman, 122 lbs. in weight and 5 ft. 
dVz in. in height. A funnel-shaped depression 
of the sternum was present. A harsh blowing 
systolic murmur was audible in the pulmonic 
area. Fluoroscopic and roentgenographic ex- 
amination of the chest showed the heart 
shifted to the left and its left border straight- 
ened. The pulmonary artery segment was 
prominent. In the lateral position the antero- 
posterior diameter of the heart was seen to 
be small. The electrocardiogram showed left 
axis deviation. QRS-1 was slightly slurred 
and notched and T-3 was inverted but there 
was no evidence of myocardial involvement. 

The systolic murmur was explained by the 
funnel-shaped depression of the sternum 
which caused the shift of the heart to the 
left, the straightening of its left border and 
the prominence of the pulmonary artery seg- 
ment. 

Case 4. F.S., a woman aged 28, was re- 
ferred because of dyspnea on exertion and fol- 
lowing e.xcitement, palpitation of the heart 
and nervousness. Physical examination re- 
vealed a thin woman weighing 87 lbs. and 
5 ft. 1 in. in height. At the lower end of the 
sternum there was a funnel-shaped depres- 
sion. At the mitral and apical regions a blow- 
ing systolic murmur was heard. The first 
heart sound was strong but tire second pul- 
monic sound was not accentuated. The blood 
pressure was 130/74 mm. Hg. The teleroent- 
genogram and fluoroscopy disclosed a heart 
somewhat smaller than normal. The electro- 
cardiogram showed a tendency to left axis 
delation. 

The symptoms and signs were due to neu- 
rocirculatory asthenia in a person with a smalt 
heart and funnel-shaped depression of the 
chest. 

Case 5. H.H., a man, aged 21, complained 
of pain in the chest and inability to perform 
moderate physical exertion. Physical examina- 
tion revealed a thin, tall man of 118 lbs. 
weight and 5 ft. 8 in. in height. The chest 
was flat and the lower end of the sternum 
was depressed. A short systolic murmur was 
heard at the apex, and the second pulmonic 
sound was accentuated. The blood pressure 
was 146/80 mm. Ilg. Roentgenographic ex- 


amination of the chest in the postero-anterior 
view revealed an apparently full-sized, globu- 
lar heart. On fluoroscopy the pulmonary ar- 
tery was prominent in the right oblique po- 
sition, the lateral views showed that the heart 
was small, being “pancaked” to the right and 
left by die pressure of the sternum {Fig. 1). 
The electrocardiogram was normal. 

The occurrence of chest pain in a thin 
young adult with a systolic apical murmur, 
marked accentuation of the second pulmonic 
sound, a heart pancaked in the center and a 
prominent pulmonary artery segment can be 
explained by the presence of a flat chest with 
a funnel-shaped depression of the sternum. 

Discussion. Funnel chest has been at- 
tributed to various etiological factors. 
Numerous authers-*®'®’’'’®’®-^- take if to 
be the result of intra-uterine arrest- of 
development of the sternum. Others be- 
lieve it is famihal-®'-^ or attribute it to 
a development defect with abnormal 
lengthening of the ribs,^^ to bad 
posture/®’-* rickets/'*®’*®’-* polioinye- 
litis/’*® syphilis,*® tuberculosis®-*® or 
trauma.®’®*’®^ Evans® quotes Laennec as 
attributing it to cobbling shoes. It has 
also been considered a constitutional 
defect in the asthenic habitus, as is seen 
in neurocirculatory asthenia.®® Grodel*® 
in 1911 pointed out the similarity of 
symptoms in persons with neurocir- 
culatory asthenia and funnel chest. 
Humberd** found this defect in tall, 
thin, nervous persons. Kuhns*® stated 
that funnel chest was never seen in 
asthenic persons although e.xceptions 
have been noted.®* In our series of 
patients none gave a history of rickets, 
pohomyelitis or congenital anomaly. 
We are of the opinion that funnel chest 
is a constitutional, familial defect as- 
sociated with asthenic habitus. As iu 
neurocirculatory asthenia the symp- 
toms in funnel chest are neurogenic or 
the result of inadequacy of the small 
heart in its response to emotional and 
physical stress.®’®®’®®’®* 

Humberd** believed the most signifi- 
cant disability of funnel chest to be the 
psychological factor. Sixteen of our pa- 
tients were labeled neurocirculatory 
asthenia. Wolf®® believes that the low 
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position of' the diaphragm in funnel 
chest accounts for the dyspnea. 

The symptoms in funnel chest and 
in neurocirculatory asthenia, i.e., pre- 
cordial pain, dyspnea, dizziness, palpi- 
tation and fatigue, are common in func- 
tional disturbances of the heart. They 
often can be differentiated from similar 
complaints in organic heart disease; for 
example, the pain is usually diffuse, 
long-lasting and not related to effort. 
In both funnel chest and neurocircula- 
tory asthenia the presence of tachy- 
cardia and arrhythmias, apical systolic 
murmurs, straightening of the left 
border of the heart, prominence of the 


pulmonarj' artery and the finding of 
right axis deviation and P-wave and T- 
wave changes in the electrocardiogram 
add to tlie simulation of rheumatic val- 
vular or congenital heart disease. Tlie 
left auricle is normal in funnel chest, 
whereas it is usuallv ealanjed in rheu- 
inatio heart disease. Under roentgeno- 
logical examination in funnel chest tlie 
displacement of the heart to tlie left 


:J97 

may create an illusion of enlargement 
by bringing the right border into line 
with the vertebral column-'* (Fig. 3). 
Accentuation of the shadows of the 
right lung root may suggest pulmonary 
congestion, pneumonitis or a tumor 
(Fig. 3). The cloudiness in the medial 
aspect of the lung is probably caused 
by the sternal depression-* (Fig. 3) 
which also distorts tlic ribs so that they 
slant more sharply than usually^^ and 
the lower ribs are abnormally long.^^ 
The diaphragm is low (Figs. 2A, 3). 
The heart is flattened and appears less 
dense.^-^'-^ (Fig. 1). The aortic knob 


may be obliterated and in the oblique 
or lateral positions tlie retrocardiac 
spaces are obliterated-* (Figs. 1, 2A, 3). 
Rarely tlie heart is displaced to the 
right-^ and in one case"*- tlie heart \wls 
in the right chest cavity. Awareness of 
all these effects of funnel chest and 
careful roentgenological examination 
make the differential diagnosis from or- 
ganic disease obvious. 



Fic. 3. (C.iAu 15).— D. n., wom.in, aged 21 >cars. The teltroentgenograni iliowi the diphragni lo.v Jii the 
t)iora\ .nnd the heart and apev shilled to the left. The left border of tlic he.irt is straight snt5i fullniij 
in tlie region of the puhnon.arj- artery. The right border of tlie hc.irt is lost m the \erttbral cohiiiiii. The 
right hilar shadows are sery prominent and the density of the lung appears to base increased at thu po.iit 
In the lateral view tlie depression of the sternum is clearly seen, narrowing the anteto-ixister.or diameter of 
the cliest. Tlie he.irt is small. 
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In rare instances the pressure o£ the 
sternum against the heart is so severe 
as to erode the thoracic vertebrae. 
Humberd^'*^ and Sweet®® mentioned in- 
stances iu which the sternum touched 
the vertebral column. There may be 
mechanical pressure on the right auricle 
and ventricle, the pulmonary artery, the 
aorta, and the inferior vena cava. Farm- 
er^® described right-sided enlargment. 
Levine^® was of the opinion that heart 
failure is rare but that it may result 
from mechanical factors such as kink- 
ing or constriction of the large vessels 
leading to or from the heart, or from 
changes in the lung. The heart may be 
“pancaked” that is, flattened out, in- 
stead of displaced to one side or the 
other (Fig. 1). Brown® stated that the 
greatest cardiac embarrassment ap- 
pears when the heart is fixed near the 
midline and is directly compressed by 
the depressed sternum. Pressure on the 
pericardium may produce milk spots. 
The vital capacity may be diminished. 
Kuhns^® and Farmer^® found the lung 
volume reduced. Others^®-®* have de- 
scribed interference with the mechan- 
ism of respiration when the diaphragm 
is low. 

The patient with funnel-shaped or 
flat chest may, of course, develop or- 
ganic heart disease like any other per- 
son. When this occurs the deformity 
may aggravate the cardiac disability. 

The diagnosis of funnel chest may be 
made by inspection and roentgeno- 
graphicaUy. The patient is usually of 
slender build and the recession of the 
lower portion of the sternum is ap- 
parent (or in a flat chest the entire 
thorax is narrow). The apex of the 
heart may be displaced to die left and 
perhaps elevated. Evans® is of the opin- 
ion that a diagnosis of funnel chest 
should be made in adults only when 
the external postero-anterior^ diameter 
of the chest measures less than 6% 
inches. He obtained this figure after 
studying normal chests in which he 
found the diameter never less than 7 


inches and the average 7®A inches. Ac- 
cording to criteria of Kuhns^® the ratio 
of the side to side diameter to the 
postero-anterior diameter should be 
more than 2.5 to 1; the ribs are relative- 
ly long and slender; the anterior arcs 
slant down sharply (the subcostal angle 
should be less than 90 degrees); &e 
angle of Louis is less than 170 degrees, 
instead of being in a straight Hne, and 
the diaphragm is usually low. Paul 
and Bichter®® confirm the foregoing and 
suggest that in the postero-anterior 
Roentgen-ray view search should be 
made for the following: displacement 
of the heart to the left with a tendency 
to “mitrahzation,” indistinctness of the 
right heart border which becomes lost 
in the shadow of the spine, decreased 
density of the heart shadow with cor- 
responding increased visibility of the 
spine and cloudiness of the medial as- 
pect of the right lung due to compres- 
sion of the lung by the depressed 
sternum. 

When a patient with funnel chest 
presents dyspnea, palpitation and pre- 
cordial pain based on autonomic imbal- 
ance or neurocirculatory asthenia, 
encouragement may prove to be the 
only treatment needed. Teplick and 
Drake®^ pointed out that usually no 
treatment is necessary although rarely 
corrective exercises have been recom- 
mended.^^’®®’®® The necessity of resort- 
ing to surgery is extremely rare.^® 
Successful operations have been re- 
ported®^’®®’®'*'’®® and Ochsner and De- 
bakey®'^ and Phillips®® advise operation 
in severe cases, Humberd^^ recom- 
mended the administration of vitamin 
E, the avoidance of fatigue, exercise 
and correct posture. 

Summary. The incidence of flat and 
funnel-shaped chests is greater than is 
generally recognized. The two deform- 
ities often coexist. 

Organic heart disease was not present 
in 25 consecutive patients with this de- 
formity who were referred for consulta- 
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tion because of cardiovascular signs 
and symptoms. These included a sys- 
tolic murmur at the mitral and apical 
regions, precordial pain, shortness of 
breath, palpitation, dizziness, fatigue, 
joint pains and fainting spells, in the 
order of their frequency. A moderately 
loud systolic murmur at the apex was 
heard in the majority of the patients. 

Many persons, if not the majority, 
with funnel chest have no complaints; 
when symptoms and signs occur they 


funnel-shaped chest may also simu- 
late congenital heart disease, pulmonary 
neoplasm, pulmonary congestion or 
pneumonitis. 

The etiology of funnel chest has been 
attributed to various factors and dis- 
eases but it is probable that in the vast 
majority of cases it is a constitutional 
defect in persons of asthenic habitus. 

Rarely in the funnel-shaped chest 
there is extreme depression of the low- 
er end of the sternum. Failure of the 



Fig. -L— C. K. C., .a tall, thin man of -13 yc.ars with a funnel-shaped depression of the loner slLriuim 
A systolic murmur w.as present at the ape.N. The P (aurieul.ir) w.aves m Leads II .uul III are tall. The 
11 wave in Le.id I is sm.all relative to the height of the H wave m Leads II and HI. Tj is semi-in\ertid 
and Ta inverted. 


are usually functional and are similar 
to those observed in neurocirculatorv 
asthenia or autonomic imbalance. 

Rheumatic mitral valvular heart dis- 
ease was the most frequent erroneous 
diagnosis, since systolic murmurs, 
straightening of the left border of the 
heart or prominence of the right border 
and the pulmonary artery were present 
in most of the patients. Furthermore, 
right a.xis deviation and abnormal P- 
waves were not uncoininon in the 
electrocardiogram. Occasionallv T-II 
and T-III were inverted. 

The signs in a person with a Hat or 


right side of the heart may occur, usu- 
ally from pressure on a large vessel 
entering or leavin" the heart. 

The diagnosis of a flat or a funnel- 
shaped chest may be made by in- 
spection of the patient from tlie side. 
Roentgenograms and fluoroscopy of the 
chest afford confirmatory e\'idence. 
The ordinary postero-anterior six foot 
Roentgen-ray film may miss the de- 
formity. 

Rea.ssuranco is usually the onlv treat- 
ment necessary. Surgic.al intervention is 
not indicated e.\cept under most e.\cep- 
tional circumstances. 
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With the approach of the poliomye- 
litis season each year the practicing 
physician looks to his colleagues in tlie 
field of epidemiology for new ideas to 
guide him in his clinical approach to 
this frightening disease. Each year 
knowledge accumulates, progress is 
made, and yet the goal remains elusive. 
Research in this disease has taken many 
courses and it would be idle to dwell 
further on these except to state that 
not infrequently the directions taken 
have proved tangential to tlie overall 
problem and have thus lost their ulti- 
mate value. 

It is our opinion that today’s ultimate 
in information regarding this disease 
can be obtained only in tliose centers 
where there e.xists teamwork between 
the practicing physician, the fever hos- 
pital, tlie virology laboratory, the pub- 
lic healtli investigator, and die research 
facilities of die medical school. Only 
under such ideal circumstances can an 
outbreak of poliomyelitis be studied to 
yield the greatest amount of factual 
data. 

Unfortunately, one or several of these 
components is too often missing, and 
the report of an outbreak tells only a 
fracdon of the story. Correlation of 
clinical material with laboratory data 
has often meant requesting aid from 
distant and frequently overburdened 
viral laboratories. This lias proved dif- 
ficult regardless of the highly cooper- 
ative spirit existing in these centers. 


The urgent need for laboratory col- 
laboradon was vividly brought home to 
us during an outbreak of anterior polio- 
myelids occurring in the late summer 
and fall of 1947 in the Milwaukee area. 
Eighty-seven patients required hospi- 
talization at the South View Hospital 
in Milwaukee during this period. 

Aldrough the signs and symptoms 
showed some deviation from those seen 
in previous epidemics, the predominant 
factor was tlie absence of paralysis in 
all cases. The seasonal incidence of this 
outbreak concurred with that of previ- 
ous epidemics. There were no deaths 
attributable to tlie disease, and autop- 
sies of patients who expired in the hos- 
pital during this period revealed no 
pathologic changes characteristic of 
poliomyelitis. 

In tin's epidemic skeletal muscle in- 
volvement was limited to varvinij de- 
grees of spasm. The severe cases were 
relieved simply by the ajiplication of 
hot compresses during the usual 14 
days of hospitalization; ten cases re- 
quired further similar treatments at 
home for periods of one to three weeks. 
This is in direct contrast to our experi- 
ence of former years where severelv 
afllicted patients were transferred to 
other institutions for continuation of 
their long periods of convalescence 
and ph)-sical therap}’. 

Epidemics of poliomyelitis appear to 
var\- as to the clinical manifestations 
which predominate during each out- 

C -SOI ) 



402 


FOX, WALLACE : 


break. This is illustrated by a compari- 
son of the following charts which in- 
clude the epidemic years of 1937, 1946, 
and 1947. 

The year 1937 was selected for com- 
parison because it presented a rather 
typical picture of a moderate poliomye- 
litis outbreak with mean percentages 
of deaths, residual paralysis, and non- 
paralytic cases. The year 1946 was felt 
to be important for comparison because 
of the wide variation of case types from 
that of the subsequent year, 1947. 


TABLE l.-PREDOMINANT SYMPTOMS 


Fever 

Nausea and vomiting 
Headache 


Irritability 
Lethargy 
Total Cases 


1937 

Percent 

1946 

1947 

69.6 

92.1 

90.8 

42.1 

32.5 

75.8 

62.7 

30.2 

87.3 

’ 63.7 

70.2 

86.2 

61.8 

29.3 

35.6 

44.1 

6.5 

44.8 

102 

215 

87 


Table 1 indicates the predominance 
of fever, nausea and vomiting, head- 
ache, and rigidity of the back and neck 
in the 1947 series of cases. Severe head- 
ache was such a prominent feature of 
the 1947 outbreak alone that we feel it 
requires special emphasis. Lethargy 
was as prominent in 1947 as in 1937, 
but was almost absent in 1946. 

The admission spinal fluid cell counts 
as compared in Table 2 signify a some- 
what greater cellular response in the 
1947 series. 

The distribution according to sex, as 
showm in Table 3, reveals no significant 
variation. 

The distribution by age groups indi- 
cates that appro-ximately three-fourths 
of the patients in each series were in 
the age group below 16 years. In 1947 
there was a slight increase in the num- 
ber of adults over 31 years of age who 
were afllicted. 

Table 3 confirms the absence of 
skeletal muscle involvement in 1947 as 
previously stated. The spasm was al- 
most fleeting in some instances, lastins 
only a few hours, while in others it was 


more persistent. There were 3 patients 
with soft palate weakness of a transi- 
tory nature. 

Personal communications from pedi- 
atricians in the Milwaukee area during 
the 1947 epidemic revealed that many 
patients presented symptoms of nausea, 
vomiting, mild headache, low-grade 
fever, and malaise. The dmation of 
symptoms was relatively short, 12 to 24 
hours, and the picture simulated that 
of mild cases admitted to the hospital. 
Tliis suggests that the epidemic in- 
cluded many other cases not admitted 
to the hospital. Although an investiga- 
tion was undertaken to determine the 
rather unusual nature of this outbreak, 
unfortunately facilities for the isolation 
of virus strains were not available. 

Agglutination studies on 8 sera sam- 
ples obtained 6 weeks after the onset 
of symptoms were reported negative 
for choriomeningitis, St. Louis en- 
cephalitis, and equine encephalomye- 
litis. We are indebted to Dr. Charles 

TABLE 2.-INITIAL SPINAL FLUID 


CELL 

COUNT PER 

CC. 

Percent 



1937 

1946 

1947 

Under 10 cells 

5.9 

8.4 

4.6 

10 - 49 

32.4 

32.2 

34.5 

50 - 99 

26.5 

25.2 

13.8 

100 - 199 

22.6 

21.6 

22.9 

200 - 299 

11.7 

7.6 

11.5 

300 - 399 

400 - 499 


1.8 

2.3 

4.6 

500 - 599 

0.9 


1.2 

Over 600 


0.4 

2.3 

Bloody specimens 

2.8 

2.3 


Armstrong of the National Institute of 
Health, Division of Infectious Diseases 
at Bethesda, for his kind cooperation 
and laboratory aid. Tests for antibodies 
against poliomyelitis were omitted, and 
single convalescent samples give insig- 
nificant results. 

Discussion. Our data reveal that 87 
cases of suspected anterior poliomye- 
litis were admitted in 1947 to the South 
View Isolation Hospital of the Milwau- 
kee Health Department. The symptoms 
presented fulMed the criteria neces- 



VALUE OF THE LABOHATORY IX DIAGNOSIS OF I’OLIO.MYELITIS 


sary for a diagnosis of poliomyelitis. 
The histories, physical e.xaminations, 
sedimentation rates, and spinal fluid 
findings were consistent with the diag- 
nosis. 

In October certain evidence came to 
light which gave rise to the question of 
the presence of an entirely different 
entity. The chief factor, inconsistent 
with the diagnoses, was the absence of 
residual paralysis and black muscle 
spasm. In no case was it necessary to 
apply hot compresses after the third 
week following discharge from the hos- 


TABLE 3.-DISTRIBUTION ACCORDING 



TO SEX 

Porcent 



1937 

1946 

1947 

Male 

54 

111 

48 

Female 

48 

104 

39 

Total Cases 

102 

215 

87 


pital. No cases required further hos- 
pitalization or physical therapy follow- 
ing discharge from the isolation hospi- 
tal, with the exception of an 18 month 
old non-resident baby with deltoid 
paralysis. This case was omitted from 
the data due to its origin outside the 
Milwaukee area. 

Although the spinal fluid reaction 
was consistent with the diagnosis, the 
clinical picture challenged it. We, 
therefore, reviewed the 1937 and 1946 
series. A comparison of the 3 series re- 
vealed a hicrher incidence of nuchal 

O 

rigidity and headache in the 1947 se- 
ries, giving rise to the possibility of 
encephalitis or encephalomyelitis in- 
stead of poliomyelitis. 

It is quite evident from tlie data at 
hand that we are assuming the pres- 
ence of poliomyelitis in our commu- 
nity. It is also evident that certain 
additional factors must be considered: 
(1) The presence of an attenuated or 
unusual virus strain; (2) The exist- 
ence of partial immunity; and (3) The 
possibility of an entirely unrelated en- 
cephaloim'clitis. 

Not until adeipiate laboratorv facili- 
ties are made available will further epi- 
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demiological studies of this nature be 
conclusive. It is our opinion tliat prog- 
ress toward the eradication of at least 
the killing and crippling aspect of this 
disease will stem to a large extent from 
more comprehensive studies of the na- 
ture of the organism itself and the 
immunological reactions it produces. 
A network of viral laboratories with 
well-trained personnel serving at least 

TABLE 4.-DISTRIBUTIOX BY AGE 


0 — 5 years 

GROUPS 

1937 

35.3 

Percent 

1946 

31.2 

1917 

20.4 

6-10 

26.5 

26.1 

27.6 

11 - 15 

17.7 

21.9 

20.7 

16 - 20 

7.8 

8.8 

5.8 

21 - 30 

3.9 

7.3 

S.O 

31 and over 

8.8 

4.2 

115 


the more densely populated communi- 
ties must be developed if rapid progress 
is to be achieved. The absence of such 
a laboratory in a community frequently 
places the practicing physician in the 
unhappy position of entire dependence 
upon clinical signs and symptoms so 
often resulting in the diagnosis of “One 
of those vims affairs.” 

Our experience in the 1947 outbreak 
of a disease we have chosen to call 
non-paralytic poliomyelitis served as 
an example to us of how' important 
was the need for virology laboratories. 
Techniques for the identification of 
many viruses ha\e in recent years be- 
come applicable to the less elaborate 


TABLE 5.-DISTRIBUTIO.\ OF PARA- 
LYTIC AND .\0\-P.\RALYTIC 


Par.ilvlic Ca.so 
Xon-paraI_\ lie Ca.sei 
Tot.vl Casas 



Perctiit 


19 37 

19 It) 

19 17 

7^ 

121 

0 

25 

91 

87 

102 

215 

87 


laboratories. This advance has placed 
the viral laboratorv in the categorx- of 
a working counterpart, rather than an 
expensi\e and impractical luxnrv for 
eveiy sizable fever hospital throughout 
the country. 

It is onr hope to establish such a viral 
laboratorx- at the South \'iew Isol ition 
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Hospital within the near future. We 
thus hope to obviate the impracticabil- 
ity of burdening distant laboratories 
with material which at present must be 
minimal and delicately handled and 
often unsuitable for research value. 

With such an addition to this institu- 
tion we feel we will be in a position to 
serve better the almost one million 
population of the Milwaukee Area and 
to contribute materially to the advance- 
ment of knowledge concerning polio- 
myelitis and other viral diseases. 

Summary. 1. An outbreak of a disease 
resembling poliomyelitis occurred in 
the Milwaukee area during the sum- 
mer of 1947. 

2. This disease varied in certain un- 
usual respects from the “typical” polio- 
myelitis outbreaks seen in previous 


years and was strikingly different from 
the outbreak seen the year before. 

3. Sera from afSieted patients of the 
1947 outbreak did not reveal the pres- 
ence of several types of encephalitis 
in this group. However, no studies 
could be made of the stools of these 
patients for the presence of the poho- 
myehtis virus. 

4. The need for facilities to study pa- 
tients for the presence of poliomyelitis 
and other viruses exists in most fever 
hospitals throughout the country. 
Southview Isolation Hospital in Mil- 
waukee is no exception to this need. 

5. The authors beUeve that when the 
viral laboratory becomes an active part 
of most fever hospitals, definite prog- 
ress will be made in the study of the 
nature of poliomyelitis and the answers 
to its protean nature. 



ELECTRO-NARCOSIS: RESULTS IN 125 PATIENTS WITH 
PSYCHOSIS OR PSYCHONEUROSIS 


By Douglas Goldman, M.D. 

CINCINNATI, OHIO 


(From Longview State Hospital) 


Electro-narcosis is the word used 
to designate a state of unconsciousness 
or semiconsciousness produced by 
passing an electric current through the 
brain. The term was introduced by the 
French worker Leduc in 1902- in de- 
scribing early experiments with such 
technique. Van Haareveld with vari- 
ous co-workers reported experiments 
in animals with electrically induced 
alteration of consciousness in 1934 and 
again in 1942 and 1943.'^ The first e.x- 
periments in man were reported by 
Frostig, van Haareveld, Resnick, Ty- 
ler and Wiersma in 1942.’- The real 


types; manic depressive psychoses; in- 
volution psychoses; psychoneuroses 
witli clironic compulsive an.\iet)’; and 
a few in scattered other groups chiefly 
for experimental reasons. 

Technique. The technique of Tietz is fol- 
lowed in detail. Patients are treated in the 
fasting condib'on; a small amount of fluid be- 
fore tlie treatment is considered permissible, 
however. Bladder and bowel should be emp- 
ty. The patient lies on a bed or table. A pil- 
low is put lengthwise under the back from 
lumbar to cervical regions. Placement of the 
electrodes is critical. We use the c.stern.il 
auditory meatus and tlic zygomatic arcli as 
reference points and place the electrodes 


TABLE l.-NUMBER OF TREATMENTS OF ELECTRO-N/UICOSIS GIVEN TO 125 RATIE.VIS 


Croup A— State Hospital Patients 
Group B— Author’s Private Patients and those 
treated for other physicians 

TOTALS 

impetus to this work was given by the 
report of Tietz and her co-workers in 
1945. Since then otlier reports have 
been made by Tietz on a larger group 
of patients and by workers from Eng- 
land on initial studies.^^-'^ 

This report deals with the first two 
years’ experience of the author and 
those working under his direction in 
giving electro-narcosis to 125 patients 
(Table 1). With few exceptions, the 
patients had all been subjected to other 
forms of treatment whicli had pro- 
duced little or no improvement and 
were in the poor prognostic situation 
of having been ill for long periods. The 
diagnostic groups treated were chiefly 
schizophrenia, paranoid and catatonic 


Number of 

Total 

Averase Number 
of Tre.ifmeuls 

Patieiits 

Trcatmenls 

per Patient 

43 

1038 

24 

82 

1.533 

19 

123 

2571 



with the posterior edge of the electrode 2 
inches (5 cm.) anterior to tlie e.xtern.il audi- 
tory meatus, and tlie inferior edge of the 
electrode L ’2 inches (3 cm.) above tlie zygo- 
ma. If the patient shows during the treatment 
any respiratory difficulty', tlie electrodes are 
.advanced to a position 2)2 or 3 inches for- 
ward from the meatus in subsequent treat- 
ments; if there is too mucli restlessness, a 
more jx)Stcrior posiUon is used. Tlie position 
of the electrodes is marked with a pencil and 
ruler before application of tlie electrode 
paste, after which the electrodes are put in 
position and held down bv a rubber band 
simihir to that used in electroshock treat- 
ment. It is usually advisable to use an ab- 
sorbing insulator of gauze or paper towel 
under the band o\er the forcbead to a\oid 
current being shunted .leross the electrcKles 
by’ a layer of perspiration. The usual s.ife- 
guards for tlie tongue, gauze or nibber, are 
then placed in position, and in addition a 

Clf-'o) 
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rubber airNvay of suitable size is partially in- 
serted between tlie gauze or rubber props 
(we never use the word “gag”). The airway 
should be of suitable size to avoid injury to 
pharyngeal structures which may cause he- 
moptysis. At this point, 0.25 to 0.40 gm. of 
pentotlral sodium is injected intravenously 
rapidly. Within 5 to 15 seconds the patient 
falls deeply asleep and within a few more 
seconds becomes apneic. The apnea lasts 
from 15 to 40 seconds. Then after 3 or 4 
breaths, preferably of 5% CO 2 in O,, the 
current is applied througn the electrodes. 

On a suitable chart are recorded at 15 sec- 
ond intervals tlie milliamperes of current used 
in each treatment. There are also recorded the 
muscle tension, state of respirations and any 
other pertinent data. The initial current level 
of 150 to 350 m.a. is not applied in full force 
instantaneously with the throwing of the 
switch. It is gradually raised from zero to the 
peak level over a period of 2.5 to 5 seconds, 
preferably with an automatic electronic con- 
trol, but a skillfully handled manual control 
will do as well. To this slow initial current 
rise, Tietz has applied the term “glissando” 
borrowed from the musical lexicon. With the 
slow initial rise of current the body mus- 
culature is not jolted to sudden ma.ximal 
tonicity, but is brought gradually to maxi- 
mum tone with less danger to skeletal integ- 
rity. After a few seconds, if the current level 
is adequate, a general extensor movement of 
the musculatmre is seen. This is the signal 
that a major epileptiform seizure has been 
produced. If it fails to occur by 10 to 12 sec- 
onds, the e.xperienced operator raises the 
current level manually to produce the desired 
effect. Then after 5 to 10 seconds the current 
level c.in be dropped more or less gradually 
to reach a level of 50 to 60 m.a. between 25 
and 40 seconds from the onset. During tliis 
process the end of the epileptiform seizure 
should be evident in the occurrence of soft- 
ened clonic movements. At the end of this 
seizure the patient may breathe immediately 
or after varying periods of apnea. At this 
point, the assistant inserts the airway com- 
pletely and starts continuous suction of oral 
and pharyngeal secretions through suitably 
placed rubber catheters and administration of 
5Cc carbon dio.xide and oxygen through a 
mask. 

.Apnea should cause no concern until 60 
seconds have passed, since tire carbon dio.xide 
and oxygen can be administered through the 
airway under positive manual pressure from 
tile rebrcathing bag. Cause of persistent apnea 
should be evident to the e.xnerienced onerator. 
It is usually persistent tonicity of the respira- 
torv niirseles and can he quickly relieved bv 
dropping the current to 2.5 or SO m.a. for a 
few seconds, and then returning it to 50 m.a. 


when respirations start. Excessive difBculty of 
this variety is the chief reason for more an- 
terior placement of the electrodes. The skill- 
ful worker can often move the electrodes 
quickly during the treatment but this is not a 
procedure for the beginner. If the patient 
does not respond quickly to current manipu- 
lation, the treatment should be stopped and 
tried another day with proper change in elec- 
trode placement. 

Between 45 and 75 seconds, as a rule, res- 
pirations are well established. The patient at 
this point is usually flaccid. The current should 
then be gradually raised, 5 or 10 m.a. every 
15 seconds, to the point at which strong (“4 
plus”) flexor rigidity of the arms is obtained, 
usually between 2.5 and 4 minutes. In some 
patients marked e.xtensor tone precedes the 
fle-xor rigidity for varying periods. The end 
point of useful tone is indicated by laryngeal 
inspiratory stridor. This cannot be allowed to 
become severe and interfere with respiratory 
e.xchange. The occurrence of inspiratory stri- 
dor is often preceded by a period with ex- 
piratory grunt which is harmless. During the 
presence of ma.\imum tone and regular res- 
piration the patient is relatively quiet and may 
be considered to be in an adequately narco- 
tized state. At this level, fine clonic move- 
ments or tremors of the legs and more rarely 
amis may be observed. The tonicity noted in 
the arms does not always involve the legs, 
which may be almost flaccid. 

If the initial seizure is inadequate, or if the 
current is not properly raised to an adequate 
level, or if the electrodes are placed too far 
anterior, the patient may show semi-volun- 
tary movements of resistance and inadequate 
unconsciousness (as usually indicated by his 
subsequent complaint). Such restlessness dur- 
ing the treatment is considered undesirable 
and the patient cannot be said to have an 
adequate electro-narcosis. 

The proper current level is maintained un- 
til 7 minutes from the beginning of the treat- 
ment in most patients. The current may tlien 
be abruptly turned off as was described in 
tlie original technique. The author believes, 
however, that gradual dropping of the current 
to zero over a period of 2 to 4 minutes is de- 
sirable because this produces in most patients 
a state of flaccid relaxation which is the com- 
plete antithesis of the pathologic tension for 
which they are being treated and which is, 
therefore, considered beneficial. The tonic 
level can be safely maintained in most pa- 
tients for much longer than 7 minutes but 
only in a few patients refractory to treatment, 
has this been found useful or necessary. 

After the' current is turned off the patient 
usually 'apjpears to be in a natural sleep. Re- 
maining e.xcessive secretions in the mouth 
and throat are aspirated and several extra 
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breaths of carbon dioxide and oxygen are al- 
lowed. Patients remain asleep for varying 
periods, from 10 minutes to 2 hours. After 10 
minutes practically all can be aroused and 
all are oriented for time, place and person, 
and have only minimal, if any, memory de- 
fect until many treatments (at least 15 or 20) 
have been given^ Most private patients can 
be returned to open medical floors or home to 
their families within one hour. State Hospital 
patients can be returned to “liome” wards or 
to various occupations with which they may 
be entrusted usually in less than one hour. 

Physiologic Changes. Numerous and 
various physiologic changes take place 
during this treatment. The chief neuro- 
logic changes have been described. 
Electro-encephalographic changes are 
less marked than with classic elec- 


3 minutes, 270/170 at oVi minutes, 
270/? at 7% minutes and 230/120 at 8 
minutes, which was 15 seconds after 
the current was turned off. Rise in 
blood sugar and leukocytes is furtlier 
evidence of adrenergic activation. 
Marked perspiration and salivation are 
practically invariably present. We have 
not seen, during the treatment, invol- 
untary urination or defecation, or semi- 
nal emissions. Nausea may follow the 
treatment if the patient has improp- 
erly eaten a large meal; but this is un- 
likely if no more than a small amount 
of liquid food is ingested. We have 
observed no fractiires in our cases and 
to date there have been no deaths 


TABLE 2.-RESULTS OF ELECTRO-NARCOSIS TREATMENTS 




Private PatienU' 

9 

State Uo»pit.il P.itient!i§ 


A 

B 

C 

D 

A 

B 

C D 

Involution psychoses 








Melancholia 

1 





1 


Paranoid type 

1 





1 


Psychoneuroses 

s 

2 






Manic depressive 

4 

6 

4 


1 

2 

1 1 

Schizophrenia 








Hebephrenic 



3 

1 


1 

4 3 

Catatonic 

2 





1 

1 1 

Paranoid 

1 

8 

2 


2 

6 

5 1 

Otlier groups 


1 

1 




1 1 

TOTALS 

12 

17 

10 

1 

3 

12 

12 7 


• 6 patients incomplete (private) § 9 patients incomplete (State hosp.) 

A: Complete remission; B; “Social” recover)'; C; Improved; D; Unimproved. 


troshock. Psychologic studies show 
less “organic” impairment of function 
after treatment than after classic elec- 
troshock. The cardiovascular system is 
strongly affected. During the initial 
high current level, the heart is usu- 
ally irregular, but regularity returns 
promptly when the current le\'el is re- 
duced. During the treatment, the blood 
pressure rises (both systolic and dias- 
tolic) 50% to 100% above the original 
levels. This is not dangerous unless 
tliere is advanced arterio-sclerosis. One 
of our patients was a hypertensive in- 
dividual who safely recei^•ed IS treat- 
ments. In one of these, his pressure 
readings were 230-i-/130 at -15 sec- 
onds of electro-narcosis, 2S0-1-/120 at 


directly attributable to the treatment. 
One patient died by accident or pur- 
posely in a tub of scalding water, not 

on a treatment dav. 

_ ^ 

The nu.muer of TRExvrME.VTS varies 
from patient to patient. In our group, 
we ha\e regarded 15 treatments as a 
minimum, and many have received 
over 30, A feu’ liave had 50 or more. 
Treatments are administered tiiree 
times weekly for the first 3 or -I weeks, 
then twice weekly until a good remis- 
sion is obtained. During the latter part 
of tin’s period, the treatment is usu- 
ally given as an “ambulatorv’ pro- 
cedure. It may he given on an ambu- 
iatorv basis from the beginning to 
properly chosen patients. After tlie re- 
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mission is obtained, experience indi- 
cates that relapses will be minimal if 
“maintenance” treatments are contin- 
ued once weekly over a long period, 
several months in some patients. This 
seems to allow the patients to resume 
normal environmental relationships 
and responsibilities safely, while con- 
sequent tensions are continuously dis- 
sipated through the treatment as long 
as they continue to develop. Their de- 
velopment gradually subsides under 
such technique in our experience. 

Indications for the treatment are 
most clearly derived from the results 
obtained in various groups of patients. 
Only the patients under the author’s 
control are considered in the tabulated 
results (Table 2). 

Results. The results of treatment 
here reported are to be interpreted 
wth the important consideration that 
almost all of these patients had been 
subjected to other forms of treatment, 
chiefly insulin and electroshock, alone 
or in combination. The patients, there- 
fore, represent a group of treatment 
failures by previous standards. Among 
the private patients 29 of 41 are 
thought by strict criteria to be much 
improved or recovered, 10 improved 
to a less degree, and only 1, a schizo- 
phrenic of 20 years illness, unimproved. 
Of the 10 “improved”, 6 are still hos- 
pitalized, 1 is employed, and 2 are 
active housewives and 1 is a retired 
clergyman, much better adjusted. With 
further attention the results in these 
should improve further. Follow-up pe- 
riods are not sufficiently long to make 
the results conclusive but the rate of 
relapse within 6 months of completing 
treatment is not more than 2 in 15, 
and these are patients out of our con- 
trol. The other patients are continuing 
to improve in tlieir social and indus- 
trial adaptation in a manner which 
previous e.xpericnce with other treat- 
ments indicates will continue to be 
productive and useful. The State Hos- 
pital patients present a different, but 


essentially no less favorable aspect. 
They are all suffering from chronic 
illness, resistant to previous intense 
treatment. In some who are only mod- 
erately improved, the electro-narcosis 
has been the means of. achieving for 
the first time a peaceful hospital situ- 
ation. The potential benefit from treat- 
ment in these patients is often ob- 
structed by difficult family situations 
and the adverse State Hospital sur- 
roundings. In spite of this, several out- 
standing cases present themselves as 
useful social individuals after long and 
apparently hopeless mental invalidism. 
Our continuing work with these peo- 
ple is developing, as far as conditions 
permit, in greater individualization of 
management and more prolonged 
treatment. 

The most favorable diagnostic 
groups, according to the official clas- 
sification, for application of electro- 
narcosis are the affective psychoses: 
the depressed manic depressive and 
melancholic involution psychoses; the 
paranoid psychoses in both schizo- 
phrenic and involution groups, includ- 
ing late developing paranoid condi- 
tions difficult to classify and sometimes 
called “paraphrenia”; and the cata- 
tonic reactions, both depressed and 
excited. In addition, a limited num- 
ber of individuals with psychoneurotic 
reactions, chiefly evident in “compul- 
sive” anxiety characterized by repe- 
titious self-disparagement and self- 
accusation, religious scruples, and the 
like, have been treated. Apparently, if 
any one characteristic can b’e seen 
which runs through the entire group, 
it is the presence of deep anxiety, oth- 
erwise unapproachable by any means 
whatever. It is such anxiety which the 
electro-narcosis alleviates, in the au- 
thor’s opinion, as no other method, with 
the possible exception of lobotomy, 
can. 

Brief case reports of a few neurotic 
individuals with “compulsive” amdety 
and guilt relieved by this treatment 
will be of interest: 



GOLDAL\,]sr: ELECTRO-XARCOSIS 


409 


Case Reports: Case 1. Rev. T., a clergyman 
\vho over a period of years became unAle to 
carry on his work, celebrate mass, hear con- 
fessions, etc., experienced a total failure witli 
Insulin. After electro-narcosis, he has resumed 
all of his duties, no longer feels contaminated 
or unworthy. 

Case 2. 41. R., a man of 30, with chronic 
syphilophobia, was previously partly relieved 
by intensive psychotherapy and electroshock, 
but had a recurrence in much more severe 
form after 2 years with associated somatic 
symptoms, headache, dizziness, dyspepsia. He 
was relieved by electro-narcosis and returned 
to work and normal marital relationship. 

Case 3. T. J., a girl of 19, was totally dis- 
abled by a sense of guilt associated witli re- 
ligious scruples and obscene thoughts of char- 
acteristic “ruminative” variety. She failed to 
improve with electroshock, but was much im- 
proved by electro-narcosis, so that she could 
help with work at home, and go to church; 
only 8 treatments were given, which we con- 
sidered inadequate, but we could not secure 
further cooperation from the family. 

Case 4. II. C., a man of 50 who had de- 
veloped a ruminative anxiety about having 
sold a prosperous business, suffered from 
total sleeplessness and marked agitation. After 
treatment, he became a cheerful, energetic 
man; moved to California and bought a new 
business. 

Case 5. V. V., a woman of 28, was beset 
by religious scruples and feelings of sinful- 
ness, unworthiness and contamination. After 
20 treatments she was able to work as a cash- 
ier in a college cafeteria, have dates, enjoy 
social contacts and is able to see with some 
humor her remaining symptoms. 

In our e.xperience dangers of tlie 
treatment are minimal or non-e.\istent. 


As previously stated, tliere have been 
no skeletal complications. One patient 
suffered the loosening of a tooth. No 
cardio-vascular complications have oc- 
curred, even in the one patient with 
severe hypertension, and several with 
inactive rheumatic heart disease. We 
consider active organic disease of tlie 
brain (such as recent hemiplegias and 
untreated neurosyphilis), acute infec- 
tions, recent cardiac lesions or failure, 
and severe renal deficiency as contra- 
indications to this treatment. In 2 pa- 
tients we have seen the delirium, called 
by some authors tlie “amnestic reac- 
tion”, after a number of treatments. As 
in the same type of reaction occurring 
after ordinary electroshock treatment, 
the condition clears in a period of 7 to 
21 days, witliout residual difficulty. 

Summary. (1) The technique of 
electro-narcosis is described in detail. 

(2) Very favorable results in private 
patients and moderately favorable re- 
sults in State Hospital patients ha\'e 
been obtained after previous treat- 
ment failures by otlaer measures. 

(3) The treatment, in common with 
the more classical electroshock, is with- 
out appreciable danger. 

(4) Anxiety, whether e.vpressed as a 
psychotic reaction with depressive, 
paranoid or catatonic features, or as 
a neurosis, is the chief indication for 
tlie treatment. 
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Kazal and Arnow'-* found that lyophi- 
lization of normal human plasma did 
not cause an appreciable loss of pro- 
tlirombin, provided that marked alter- 
ation of the normal plasma pH was 
avoided. The “loss” reported by other 
investigators^® appears to be an arte- 
fact produced by restoration of the 
plasma by distilled water or with im- 
proper solutions of carbonic acid. 
Kazal and Arnow found that the opti- 
mum pH for determination of plasma 
prothrombin values of lyophilized ni- 
trated human plasma, using Quick’s 
method, was between 7.4 and 7.8, and 
that in tliis range the prothrombin 
values very closely appro.Kimated those 
of the original plasmas. Tocantins’" 
found that a loss of prothrombin activ- 
ity occurred when citrated or oxalated 
plasmas were exposed to an air current. 
A simultaneous increase in pH occur- 
red. The prothrombin activity could 
be brought back to essentially normal 
by the treatment of the aereated plasma 
with CO-. Quick” repeated Tocantin’s 
experiments and reported aereation of 
dog and rabbit plasma at 3S°C. did not 
cause a loss of prothrombin activity. 

Banfi, Tanturi and Bay= observed 
that a loss of protlirombin activity oc- 
curred gradually in stored human 
plasma after 4 or 5 days. This “loss” 
was to a certain extent only apparent 
and due to the formation of an anti- 
thrombin in stored plasma. The in- 


fluence of this antithrombin on the 
prothrombin time of stored plasma was 
easily shown when stored prothrom- 
bin-free plasma was used as a diluent. 

In the course of experiments under- 
taken to prepare a stock of lyophilized 
prothrombin-free plasma for use as a 
plasma diluent, we found an increase 
in the natural antithrombin activity 
when compared to the same plasma 
before lyophilization. This was dem- 
onsh'ated by determining the “throm- 
bin time” of both samples. 

The following experiments were un- 
dertaken in an attempt to study: a) the 
antithrombin activity of various plas- 
mas, and b) the influence of this anti- 
thrombin activity on the determination 
of prothrombin time by using a one- 
stage method. E.xperimenls were car- 
ried out on fresh normal plasma, aged 
normal and prothrombin-free plasmas, 
aereated normal and prothrombin-free 
plasmas and lyophilized normal and 
prothrombin-free plasmas of dogs. 

Material and Methods. Blood. The 
blood used throughout these experi- 
ments was obtained from fasting un- 
anesthetized mongrel dogs through 
femoral artery puncture. The blood 
was drawn into dry syringes, immedi- 
ately transferred into 15 cc. graduated 
centrifuge tubes containing sodium 
oxalate solution in the proportion of 9:1, 
and then centrifuged for 10 minutes 


'.Aided by a grant from the Lois C. Grunow Surgical Fund. 
(HO) 



RELATION BETWEEN PLASMA ANTITIIROMBIN AND IIEP.VRIN 


411 


after which the plasma was pipetted 
into dry test tubes. 

Prothrombin determinations were 
done by the one stage method of 
Quick^' as modified by Tanturi and 
Banfi,^*^ using a lyophilized thrombo- 
plastin prepared from acetone dried 
tritmrated rabbit brain. Thromboplas- 
tin so prepared was extremely stable.'-* 

Prothromhin-free plasma was pre- 
pared by treating normal oxalated 
plasma with a 30% suspension of bar- 
ium sulfate.^® Washing of the sus- 


thrombin solution was mixed with 0.2 
cc. of oxalated dog plasma. In every 
experiment the dilution of hemostatic 
globulin with distilled water was 
freshly prepared and its sti-ength tested 
against a control of a fresh sample of 
plasma. 

Procedures Employed in Treatment 
of Plasmas. Lyophilization was accom- 
plished after preliminary freezing in a 
mixtm'e of methyl cellusol and crushed 
solid COj. Reconstitution was 
achieved by the addition of neutral dis- 


TABLE 1. THROMBIN TIMES OF DIFFERENT PLASMAS .ASSAYED 


Plasmas 

Niiinber of 
LxpenmenU 

'rime 111 
Uange 

SctomJNi 

A\ erufcjc 

Fresh ... 

CO 

17-20 

IS.J 

Fresh prothrombiii-frec. . . 

. . . . C8 

17-20 

18.J 

Stored (1C days) 

18 

20-30 

2J 

Stored prothromhin-free (1C days) . 

. 10 

20-30 

2J 

Stored (20 day.s) . 

... 8 

lO-CO 

JO 

Aereated . . 

5 

JO- CO 

oo 

.Aereated prothrombin-free . 

... 1 

JO-CO 

55 

Lyopliiiized 

... to 

JO- 100 

75 

Lyophilized protlirombin-free . . 

. . i5 

50-100 

To 


To 0.2 cc. of plasma were added 0.1 cc. of liemostatic globulin (Lcderle) diluted in distilled 
water in proportion 1:20. All determinations were carried out in duplicate in test tubes 12 
by 75 mm. at 37° C. 


pension was carried out, using distilled 
water made neutral by the synthetic 
resin polyethylene polyamine methyl- 
ene. This procedure made the sus- 
pension more stable. Repeated testing 
of the plasma so prepared failed to 
show any evidence of clotting or fibrin 
precipitates when mi.xed with the 
calcium-thromboplastin mixture and 
observed for as long as IS hours at 
37° C. The specific adsorbant char- 
acter of barium sulfate for prothrom- 
bin has been confirmed by others.^-** 
Thrombin and “thrombin times”: 
Two different tlirombins, both of which 
gave equivalent results, were used. 
One was prepared from human plasma 
using the procedure of Eagle;^ the 
other was the so-called ‘‘hemostatic glo- 
bulin” (Lcderle). Both the human 
thrombin in dilution 1:10 and the 
"hemostatic globulin” in dilution 1:20 
gave similar "normal” thrombin times 
of 17 to 20 seconds when 0.1 cc. of 


tilled water to the original volume. 
The lyophilized plasmas were kept 
either in vacuo or stored in a dessicator 
over calcium chloride at room tem- 
perature (20°— 25°C.). 

Stored plasmas: These were kept 
covered in a refrigerator (5°C.). 

Aereated plasmas: Procedures sim- 
ilar to those described by Tocantins'-' 
and Quick” were employed. In all 
these experiments care was taken to 
prevent bubbling and consequent sur- 
face denaturation. W’hen CO., was 
blown over alkqjine plasmas care was 
taken not to shift the pll beyond 7. 

Solutions and Reagents, 1 To lor." In 
the early part of the study ordinary 
distilled water was used but later dis- 
tilled water treated with the synthetic- 
resin polyethylene polyamine methyl- 
ene was used. The water so treated 
is neutral. 

Protambie solutions were prepared 
by dissolving lOO mg. of protamine 
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sulfate (Lilly) in 100 cc. of distilled 
water. Such solutions showed a ten- 
dency to deteriorate and were fre- 
quently prepared. The pH of the 
fresh solution was 7.0. When deteri- 
oration occurred, the solution had a pH 
of 6.3 and had lost most of its activity. 

Sodium oxalate solutions were pre- 
pared by dissolving 1.34 gr. sodium 
oxalate per 100 cc. distilled water. 


times of a normal sample of plasma by 
diluting it with the variously treated 
plasmas can be seen. It is apparent 
that the lengthening of the prothrom- 
bin times parallels the anti-thrombin 
activity of the different plasmas used 
as diluents. 

In Table 3 the influence of pH on 
the antithrombin activity of aereated 
or lyophilized plasmas when treated 


TABLE 2. PROTHROMBIN TIMES OF FRESH PLASMA USING 
VARIOUS PLASMAS AS DILUENTS 


Flasma Tested 

Plasma Diluent 

Protbrombin time (Dilution) 

0 1/10 1/20 1/50 

Fresh normal 

Fresh prothrombin-free 

12 17.6 

23.3 

33.6 

Fresh normal 

Aereated prothrombin-free 

19 

25 

38 

Fresh normal 

Stored prothrombin-free 

— 19.5 

26 

41 

Fresh normal 

Lyophilized prothrombin-free 

24 

32 

60 


Prothrombin times are averaged results of 14 determinations for each plasma diluent assayed. 


TABLE 3. EFFECT OF COz ON pH AND THROMBIN TIME 


Fla^moa 

Fresh 

Fresh prothrombin-free 
Aereated 

Stored Prothrombin-free 
Lyophilized 

Lyophilized Prothrombin-free 


Before COa After CO* 


Thrombin Time 
(Second!) 

pH 

Throm- 

bin 

Time 

{Second!) 

pH 

18 

7.8 

12 

6.9 

20 

— 

— 

— 

30 

8.1 

16 

7.0 

43 

8.2 

IS 

7.4 

no clot in 2 min. 

9.05 

16 

7.03 

no clot in 2 min. 

9.0 

15 

7.0 


To 0.2 cc. of plasma were added 0.1 cc. of hemostatic globulin (Lederle) diluted in distilled 
water in proportion of 1:20, All determinations were carried out in duplicate in test tubes 
12 by 75 mm. at 37 °C. Thrombin times are averaged results of 6 determinations for each 
plasma assayed. Ph determinations were done using a glass electrode potentiometer (Beck- 
man). The source of COs was crushed, dried ice. The current of COj was passed through 
the plasma during a period of 5 to 10 seconds. 


Calcium chloride solutions were 0.025 
molar (0.28 gr. per 100 cc.) and normal 
saline solutions, 0.9%. All reactions 
were carried out in duplicate in test 
tubes 12 by 73 mm. at 37°C.; all meas- 
urements of volume with volumetric 
flasks, volumetric or serological pipettes 
(0.2 cc. graduated to 0.001 cc.); and 
time measurements with a stop watch 
graduated to 0.2 seconds. pH deter- 
minations were done using a glass 
electrode potentiometer. 

Results; In Table 1 the “thrombin 
times of the various plasmas are com- 
pared with those of fresh plasmas. In 
Table 2 the effect on the prothrombin 


with CO; is shown. The different anti- 
thrombin activity found by us could 
be explained on the basis of differ- 
ences of pH and accordingly the ex- 
periments recorded in Table 4 were 
done. In Table 5 the effect of COj 
on the tlirombin time and prothrom- 
bin time of lyophilized plasmas is re- 
corded. It is shown that the loss of 
prothrombin activity of lyophilized 
plasma is only apparent and that the 
“loss” can be restored bringing the pH 
back to normal by treatment with CO^. 
An excessive amount of COj will pro- 
duce an acid plasma with a lengthened 
prothrombin time consequent to a de- 
creased prothrombin level. 
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The variations of antithrombin activ- bin as can be seen by the experiments 
ity and its direct influence on the pro- recorded in Table 8. On die other 
thrombin time of the plasma, although hand, not only the different plasmas 
closely correlated with changes in pH, studied, but also die normal or fresh 
could also be interpreted as variations plasmas, varied widely in dieir and- 
of activity of the “heparin complement” thrombin activity. Thus, the accurate 
of these plasmas as affected by changes adjustment of the quantity of prota- 
in pH. With this idea in mind, we mine to be added to decrease the anti- 
studied the effect of protamine sulfate thrombin activity without further de- 
on the antithrombin activity of die dif- creasing prothrombin activity, or con- 
ferent plasmas. In Table 6 die results centration, was difficult (Tables 6, 8, 
of these experiments are recorded and 12). 

it is apparent that protamine decreases The influence of protamine was 
the antithrombin activity of the plas- checked in regard to its effect on the 
mas studied. pH of plasmas. In Table 9 this lack 

TABLE 4. INFLUENCE OF pH ON THROMBIN TIME AND PROTHRO.MBIN TIME 
OF FRESH PLASMA USING DIFFERENT PLASMAS AS DILUENTS 


THROMBIN TIME 


I’lusmas 

Time (Seconds) 

pH 

Fresh 

19 

7.8 

Fresh prothrombiu-free 

22 

8.0 

Stored prothroinbin-free 

■13 

8.2 

Lyophilized prothrombiu-free 

no clot in 2 min. 

9.09 


PROTHROMBIN (Seconds) 

Dilution 


Pludma Tested 

Plasma Diluent 

u 

1/10 

l/iO 

l/JO 

Fresh normal 

Fresh prothrombin-free 

U 

10 

22 

33 

Fresh normal 

Stored prothrombin-free 

— 19.5 

20 

■n 

Fresh normal 

Lyophilized prothrombin-free 

— 19.7 

31.1 

50.5 


To determine die effect on the pro- of change of pH is clearly shown and 

thrombin time of the reduction of the die decrease of antithrombin activity 

antidirombin activity by protamine, the is notable. The reduced antithrombin 

following e.xperiments were done, first activity is also reflected on die pro- 
using fresh prodirombin-free plasma thrombin times. In Table 10 similar 

and lyophilized prothrombin-free experiments, w'hich were carried out in 

plasma as diluents of normal fresh an attempt to demonstrate the lasting 

plasma and tiien comparing the re- effect of protamine on the pH and anti- 
suits of the protlirombin times so ob- thrombin of lyophilized plasma, are 

tained with the prothrombin times of recorded. 

samples of the same fresh plasma sim- We have also studied the effect of 
iku'ly diluted with protamine treated protamine on the antidirombin activity 

lyophilized prothronibin-free plasma and pH of lyophilized human plasma 

(Table 7). Many similar e.xperiments and the results are recorded in Table 

were done, but these results were not H. 

constantly obtained, not because the In view’ of these results, the effect of 
plasmas varied regarding the inter- the addition of increasing the amount 

action of protamine and antithrombin. of protamine on the antithrombin activ- 

but because an excess of protamine ity and prothrombin time of stored and 

exerts a depressant effect on prothrom- fresh normal oxalated plasma was 
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studied, using samples of blood ob- 
tained from 3 dogs (Table 12). It is 
shown that fresh plasmas varied in 
their “normal” antithrombin activity, 
so undoubtedly the quantities of pro- 
tamine added influenced the prothrom- 
bin activity and the fibrinogen. This 
i.s in contrast witli the wider range ob- 
served when protamine is added to 
lyophilized or stored plasmas with high 
antithrombin activity. 

Comments: The increase of anti- 
thrombin activity of plasma after 4 to 5 
days’ storage as found by Banfi, Tan- 
turi and Bay has been confii-med. The 
increase of antithrombin activity is not 
related to the presence of prothrom- 


thrombinemia to the alkalinity of lyo- 
phihzed plasma due to the lack of 
CO 2 . We have confirmed the results 
of Kazal and Arnow in regard to the 
effect of CO 2 in bringing the pro- 
thrombin time of lyophiUzed plasma 
of dogs back to normal, but we regard 
the changes observed in prothrombin 
times as being more closely related to 
the enhanced antithrombin activity 
brought about by the process of lyo- 
phihzation. This antithrombin activity 
is reflected on the prothrombin times 
of the lyophiHzed plasmas as well as 
on the normal fresh plasmas when pro- 
thrombin determinations of the latter 
are carried out using lyophiHzed pro- 


TABLE 5. EFFECT OF CO= ON THROMBIN TIME AND PROTHROMBIN 
TIME OF LYOPHILIZED PLASMA 

THROMBIN TIME 



Before CO 2 



After CO 5 

Plaioia 

Time (Sec.) 

pH 


Time (See.) 

pH 

Lyophilized 

no clot in 2 min. 

0.05 


16 

— 

Lyophilized prothrombin-frec no clot in 2 min. 

8.0 


18 

7.03 


PROTHROMBIN TIME (SECONDS) 




Plasma Tested 

Plasma Diluent 

0 

1/10 

1/20 

1/50 

Lyophilized 

Lyophilized prothrombin-free 






treated with CO 2 

10 

17 

23 

36 

Lyophilized trciited 
with CO- 
Lyophilized .\ftcr 
Repeated Treatment 
With CO-* 

ID 

13 

13 

20 

30 

ID 

18 

23 

31 

■16 


* This plasma after repeated treatment witli CO: (pH 6.3) decreased its prothrombin. As it is 
known e.xcess of CO: decreases prothrombin. 

bin in stored plasma because similar 
increases of antithrombin activity occur 
in stored prothrombin-free plasma, lyo- 
philized normal and prothrombin-free 
plasma and aereated normal and pro- 
thrombin-free plasma. That stored, 
aereated and lyophilized plasmas have 
prolonged prothrombin times has also 
been confirmed. 

The decrease of prothrombin found 
by some investigators in aereated, 
stored and lyophilized plasmas is to 
some extent only apparent. In the case 
of luoplnlizcd plasma, Kazal and Ar- 
now attributed the apparent hypopro- 


thi-ombin-free plasma as diluent. The 
fact that the lyophiHzed prothrombin- 
free plasmas also show an increase of 
the antithrombin activity points out 
that, to a considerable extent, the de- 
crease of prothrombin observed by 
other investigators in similar condi- 
tions is due to an increased antithrom- 
bin activity in the clotting system 
studied. 

The. increased antithrombin activity 
of aereated and stored plasmas is also 
reflected in the prothrombin times of 
these plasmas and on normal plasmas 
in which the determinations of pro- 
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thrombin were carried out using aere- 
ated or stored prothrombin-free plas- 
mas as diluents. 

The increased antithi-ombin activity 
observed apparently exerts its effect 
on the second stage of coagulation 
which, in the one-stage methods of 
prothrombin determinations, appears 
to be an important factor in the result- 
ing prothrombin time. It is generally 
agreed that the one-stage methods of 
prothrombin determination measure a 
clotting time which is theoretically the 
summation of the time corresponding 
to the conversion of prothrombin to 
thrombin (1st stage), and that of the 


tire one-stage methods of prothrombin 
determination are used to test normal 
plasmas, the influence of the antithrom- 
bin activity is overcome by the excess 
of tlirombin which results from the 
addition . of an excess of tlirombo- 
plastin. 

The results of our experiments on 
different plasmas witlr enhanced anti- 
thrombin activity emphasize tire im- 
portance of tire very frequently ne- 
glected factor of die variation of the 
anti-thrombin activity, and the equally 
neglected factor of tire pH of the rea- 
gents in the clotting system under 
study. 


TABLE 6. EFFECT OF PROTAMINE SULFATE ON ANTITHROMBIN 
OF DIFFERENT PLASMAS 

TIironiMii Time (Secomls) 



Flasmua 

licforc 

Prot.imine 

.Vftcr 

Protamine 

1. 

Fresh normal 

IK 

13.j 

3. 

Fresli prothroinbin-freo 

17 

13,8 

3 . 

Stored (o days) 

30 

30 

•1. 

Stored protlirombin-free (5 days) 

30 

1 1 

5. 

Aereated 

00 

IS 

G. 

Lyopliilized protlirombin-frcc 

173 

.50 


All samples received 0.3 mg. of iKOtamine sulfate per cc. of plasma. Samph's 5 and 6 received 
0.65 mg. and 1 mg. of protamine sulfate per cc. of plasma re.spectivels . 


conversion of fibrinogen to fibrin by 
the action of die thrombin aheady 
formed (2nd stage). It is easy to under- 
stand then that not only a decrease in 
the rate of conversion of prodiroinbin, 
concentration or any odier interference 
in the first stage of the clotting mechan- 
ism will give a prolonged prothrom- 
bin time but any interference in the 
second stage will produce similar re- 
sults. A good example of the second 
possibility is that of the presence of 
heparin in excessive amounts, sucli as 
is observed in die plasmas of anaphy- 
lactic or peptone-shocked animals, or 
in the plasmas of patients \vho have 
received intravenous injections of hep- 
arin to prevent thrombosis. In both 
cases, a definite prolongation of pro- 
thrombin time whicli is not due to a 
corresponding decrease of prothrom- 
bin concentration is observed.^ When 


By tieatment widi CO., die anti- 
thrombin activity of the plasmas studied 
by us was brought back to “normal.” 
Hence, the prothrombin times also be- 
came “normal,” possibly through res- 
toration of the pH optimal for coagula- 
don. The demonstration that prota- 
mine sulfate does not change die pH, 
but does change the antithrombin ef- 
fect, which is also reflected by the 
shortened prothrombin times, adds 
support to the belief that these changes 
are not solely due to changes in pH. 

From the results of some of the ex- 
periments reported here, it can be said 
that protamine e.xerts a depressant ef- 
fect on prothrombin. Some combina- 
tion of protamine with prothrombin 
which would interfere with the con- 
version of protlirombin to thrombin 
might be the explanation. It has been 
shown'- that when protamine and liep- 



416 


TANTtmi, -NTCTZEL; 


arin are present in proportions other 
than'S'.l, which is the proportion found 
between heparin and protamine dos- 
age in in vitro studies, then the sub- 
stance in excess lengthens the clotting 
time. That this lengthening is not due 
to any interference in the 2nd stage of 
clotting is shown by the shortening of 
tlirombin times obtained when prota- 


ing the 5 minute period of treatment 
prior to centrifugation. In any event, 
the clots we obtained were firm and 
similar 'to normal clots. Fiurthermore, 
any lack or decrease of fibrinogen 
would be reflected by a lengthening 
of the thrombin times. 

As we have shown, protamine not 
only decreases the enhanced antithrom 


TABLE 7. PROTHROMBIN TIME OF FRESH PLASMA USING LYOPHILIZEl) 
PROTHROMBIN-FREE PLASMA TREATED WITH PROTAMINE 

Flasmas Thrombin Time (Seconds) 


Fresh 20 

Fresh prothrombin-free 20 

Lyophiiized prothrombin-free D6 

Lyophilized prothrombin-free -{- protamine 36 

PROTHROMBIN TIME (SECONDS) 

Dilution 


Plasma Tested 

Plasma Diluent 

0 

1/10 

1/20 

1/50 

Fresh normal 

Fresh prothrombin-free 

12 

18 

22 

SO 

Fresh normal 

LyophiUzed prothrombin-free 

— 

21 

20 

SI 

Fresh normal 

LyophiUzed prothrombin-free 
treated with protamine* 

— 

18 

23 

31.4 


* To 3.5 cc. of chilled (8° C.) plasma 1.2 mg. of protamine sulfate was added. After 5 min- 
utes at 8° C., the plasma was cenUifuged. 


TABLE 8. EFFECT OF PROTAMINE SULFATE ON THROMBIN TIME 
AND PROTHROMBIN TIME OF FRESH PLASMA 


riajtmas 


Tiirombm Time (Secoads) 


Fresh normal 

Fresh prothrombin-free 

Fresh normal -h protamine (0.3 mg. 1 cc.) 

Fresh prothrombin-free -p protamine (0.3 mg. 1 cc.) 

PROTHROMBIN TIME (SECONDS) 


Plajoia Tcited DUuvnt 

Fresh normal Fresh protiirombin-free 

Fresh normiil -}- protamine Fresh prothrombin-free -jr protamine 


20 

19 

15 

10 


0 

Dilution 
1/10 1/20 

1/50 

13 

18 

23 

33 

18 

31 

35 

48* 


* pH of lyopltilized prothrombin-free + protamine at tire end of e.xperiment 8.7. 


mine is added to normal plasmas. 
Mylon, IVinternitz and Siito-Nagy^® 
found that the addition of protamine 
to plasma leads to a rapid and e.xten- 
sive precipitation of fibrinogen. The 
temperature after addition of prota- 
mine influenced tliis precipitation. We 
believe that we have avoided extensive 
precipitation of fibrinogen by chilling 
the plasmas and by keeping their 
temperature between 5° and S°C., dur- 


bin activity of lyophiUzed or stored 
plasmas, but also decreases the activ- 
ity of the antithrombin of fresh plas- 
mas. The similarity of action of pro- 
tamine on heparin, protamine action 
on “normal” antithrombin activity and 
on the enhanced antithrombin activity 
of the plasmas studied lead to the be- 
lief that the differences in antithrom- 
bin activity observed in the plasmas 
studied is due to different quantities 
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of heparin present in them. We have 
found an approximate proportion be- 
tween protamine and the antithrombin 
activity of normal plasma. A dose 
cl 0.3 mg. to 0.4 mg. of protamine per 
cc. of plasma of dogs reduced tlie 
thrombin times of normal plasmas to 
an extent which cannot be furdier 
reduced no matter how much prota- 
mine is added. One mg. to 1.50 mg. 
of protamine per cc. of plasma pro- 


activity of lyophihzed or stored plas- 
ma. In the latter cases a greater 
quantity of protamine is necessary to 
bring the antitlnrombin activity back 
to normal. 

The so-called normal antithrombin 
of plasma has been identified by 
Quick^^ as present in the albumin frac- 
tion but not in crystalline serum albu- 
min as shown by Jaques and Mustard^ 
and by Zifi and Chargaff'®. As is 


TABLE 9. EFFECT OF PROTAMINE SULFATE ON THE ANTITHROMBIN 

AND pH OF PL/^SMA 


Plasmas 

Thrombin 

Time (Seconds 

pH 


Fresh normal 

20.2 

7.8 


Fresh prothrombin-free 

20.5 

7.9 


Lyophilized prothrombin-free 

lie 

8.9 


Lyophilized prothrombin-free protamine 

30 

8.7 



PROTHROMBIN TIME (SECONDS) 






Dilution 


Plasma Tested 

Plasma Diluent 

0 1/10 

1/40 

1/jO 

Fresh normal 

Fresh prothrombin-free 

12.9 1C 

jj 

31 

Fresh normal 

Lyophilized prothrombin-free 

21 

29.5 


Fresh normal 

Lyophilized prothrombin-free 





treated with protamine* 

17.7 

22 2 

31.1 


* pH of lyophilized protluombin-free + protamine at tlie end of experiment, 8.7. 


TABLE 10. DEMONSTRATION OF THE LASTING EFFECT OF PROTAMINE SUL- 
FATE ON pH AND ANTITHROMBIiN OF LYOPPIILIZED PL.ASMA 


FI.i!ima3 Tlirouiliin Tiiue (Sccoads) pH 

Lyophilized prothrombin-free no dot in 3 minute:) 9 

Lyophilized prothrombin-free 4- protamine 30 S.9 

Lyophilized prothrombin-free -f- protamine and centrifuged 34 

After 35 mins, standing at room temp. • 35 

After 05 mins, standing at room temp. 10 S.S 

Uncentrifuged 30 

After 35 minutes standing at room temp. 30 

After 05 minutes standing at room temp. 14 S.S 

Protamine sulfate — "-O 

Thrombin solution — *h3 


duced a precipitation of fibrinogen 
which interferes notably witli the re- 
action. As has been said above, a 
slight e.xcess of protamine also influ- 
ences tlie prothrombin activity in 
clotting systems in which tliis sub- 
stance has been studied. Tlie propor- 
tion between protamine and anti- 
thrombin activity of normal plasma is 
in contrast with the proportion be- 
tween protamine and antithrombin 


well known, heparin acts only in the 
presence of this plasma fraction. Ac- 
cording to Ziff and Chargaff the rate 
of clotting in a system containing 
thrombin, fibrinogen and heparin may 
depend entirely on the concentration 
of the heparin complement or normal 
antitlirombin of that system. The 
same authors point out that the con- 
centration of this complement in the 
blood may be the determining factor 
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to the individual response to heparin. 
Astrup and Darhng‘ found that the 
so-called normal antithrombm is not 
identical to the antithrombin substance 
formed from heparin. This last com- 
pound, called by them “thrombin in- 
hibitor,” inactivates thrombin more 
rapidly than the normal antithrombin. 

The loss of CO2 which is a common 
factor in the plasmas studied seems 
to be closely related to the behavior 
of the antithrombin activity. The close 
relationship between pH and anti- 


pound is inactive provided that it is 
stable at the pH of the assay. Jaques 
and Mustai’d® have obtained results 
similar to tliose of Fisher and state 
that if the reaction of heparin with 
the normal antithrombin of plasmas 
is similar to that of heparin with other 
proteins, it is probable that the isoelec- 
tric point of the normal antithrombin 
is more alkaline than the pH of plas- 
ma. 

Our experiments show that the nor- 
mal antithrombin activity of plasma in- 


TABLE 11. EFFECT OF PROTAMINE ON ANTITHROMBIN AND pH OF 
LYOPHILIZED CITRATED NORMAL HUMAN PLASMA 

Lyophilized plasma* Thrombin Time (Seconds) pH 

Sample I 25 7.4 

1 cc. of Sample I -p O.G mg. protamine sulfate 14.6 7.4 

Sample I (28 days old) 35 

2 cc. of Sample I (28 days old) -f- 0.6 mg. protamine sul. 25 

To the same sample was again added 0.6 mg. of pro. sul. 18 7.4 

* Standard Navy and Army package (Parke Davis and Co.). After made up, the solution was 
kept in the refrigerator (5'' C.). 


EFFECT OF COs AND PROTAMINE ON ANTITHROMBIN, PROTHROMBIN TIME, 
AND pH OF LYOPHILIZED CITRATED NORMAL HUMAN PLASMA 

BEFOnE COi AFTER COr 

Time 



I’ro- 


Pass- 


Pro- _ 



Thrombin thrombin 

Vol- 

ing 

Thrombin 

thrombin 


riaiimat 

Time Time 

umc 

Tlirough 

Time 

Time 


Date 

(Sec.) (Sec.) pCI 

(ML) 

(Sec.) 

(Sec.) 

(.Sec.) 

pH 

Sample 11 







(4-VI) 

70 GG 0.57 

o 

3 

27 

45 

7.6 



o 

5 

27 

43 

7.3 



a 

10 

24 

49 

6.9 



o 

15 

28 

52 

6.9 



o 

25 

20 

85 

6.5 


iM.aama* 


Thrombin Time 

pH 



S-inipIc I (1-Vl) 2cc. of Sample 


. 55 


8.9 



1-1-3 mg. prolamine 


20 


8.8 



Sample II (l-VI) 


70 


9.2 



2 cc. of Sample II -f- 3 mg. Pro. 


28 


9.2 



• Standard N.avy and .\rrriO’ package (Sharp & Dohne). This plasma was made up by adding 
230 cc. of distilled water and kept in a refrigerator. Note the different quantities of protamine 
necessary to bring thrombin time back to "normal.” Thrombin time and ph of a sample con- 
trol nonnal fresh human o.valated plasma = 23 seconds and 7.5 respectively. 


tliroinbin activity of plasmas points 
out that the antithrombin varies in 
activity' according to the pH of the 
plasma. Fisher'* found tliat while hep- 
arin combines with a large number 
of proteins under suitable conditions, 
die resulting heparin protein corn- 


creases with its alkalinity. However, 
the mechanism by which protamine in- 
hibits the normal antithrombin activ- 
ity of plasma is not easily understood. 

Considering the basic character of 
p>rotamine one possibility worthy of 
consideration is that the antithrombin 



RELATION BETWEEN PLASMA ANTITIIRO.MBIN AND HEPARIN 41H 

activity of normal plasma is due to tivity as compared with the corres- 
the presence of heparin bound to the ponding fresh plasma. The antithrom- 
cofactor. The compound displays a bin activity was studied using a tlirom- 
relatively slight activity on the normal bin solution of constant activity. 
pH of plasma. Protamine neutrahzes 2. The increased antithrombin activ- 
heparin, and hence reduces the anti- ity is not related to tlie presence of pro- 
thrombin activity without changing tlu'ombin because the same changes 
the pH of plasma. Opposite changes occur in lyophilized, aged and aereated 
which shift the pH of plasma to the prothrombin free plasmas, 
alkaline side will establish appropriate 3. The effect of the increased anti- 
conditions which enhance the activity thrombin activity is reflected in the 

TABLE 12. EFFECT OF PROTAMINE SULFATE ON THE “NORMAL” ANTITIIROM- 
BIN ACTIVITY PROTHROMBIN TIME OF STORED AND FRESH 




PLASMAS 

OF SEVERAL DOGS 








Throm- 

Pro- 





Prota- 

bin 

thrombin 



Volume 


mine 

Time 

lime 

No. 

Tube No. 

(cc.) 

Appearance 

(Mg.) 

(Sec.) 

(Sec.) 

1 

1 

2 

clear 

— 

1G.8 

12.0 


2 

2 

clear 

0.05 

15. 

15.1 


3 

2 

clear 

0.1 

1C 

10 


4 

1.45 

clear 

.15 

1 1.5 

17.1 


5 

1.41 

clear 

0.20 

15.8 

10 


G 

1.0 

clear 

0.25 

12.0 

20 


7 

1.02 

clear 

0.30 

12.9 

19 

0 

1 

2.0 

clear 



25 

13 


2 

2.0 

clear 

0.4 

15.5 

17.5 


3 

2.0 

clear 

0.5 

10. 

18 


4 

1.44 

cloudy 

0.9 

13.8 

21 


3 

1.45 

cloudy 

1.0 

11.0 

20 



Tubes 4 and 5 

centrifuged and the determinations repeated 


4 


clear 


15 

10 


3 


clear 


13 

15 

3 

1 

2 

clear 



10 

13 


2 

2 

clear 

0.4 

11 

17.5 


3 

2 

clear 

0.5 

13 

20 


4 

1.41 

clear 

0.2 

13 

19 


3 

1.45 

clear 

O.I 

12 

20.5 

stored plusinii 

1 

.1 

clear 

— 

21.5 

15.1 

a 

2 

clear 

0.1 

10.1 

21 


3 

2 

clear 

0.5 

15.8 

22 

i 

4 

1.4 t 

clear 

0.2 

10 

20.0 


5 

1.45 

clear 

0.4 

11 

22.1 


of the compound heparin-cofactor and prothrombin times of these plasmas 
so increase the antithrombin activity and on tlie prothrombin limes of fresh 
of plasma. The protein, or factor to plasmas when plasmas with increased 
which heparin is bound, would not antithrombin activity are used as dil- 
necessarily have any antithrombin ac- uents. 

tivity per se. Further studies are re- 4. The increased antithrombin activ- 
quired to clarify the hjqrothesis ad- ity may be brought back to normal by 
vanced. means of various treatments (CO.-, pro- 

Conclusiou and Summary. 1. Lyo- tamine). 
philized, aereated and aged plasmas 5. The antitlirombin activity varies 
show an increase of antithrombiu ac- directly as tlie pH of plasma. How- 
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ever, protamine sulfate decreases the 
antithrombin activity without chang- 
ing the pH of the plasma. It may be 
concluded that the decrease of pro- 
thrombin noted by other investigators 
in similar plasmas is due to the pres- 
ence of the antithrombin and not sole- 
ly due to changes of the pH, 

6. Protamine sulfate has a tendency 
to decrease prothrombin and precipi- 
tate fibrinogen depending upon the 
quantity present, 

7. With appropriate quantities of 
protamine sulfate the antithrombin 


activity of fresh oxalated normal plas- 
ma can be reduced to a certain extent 
but no more, irrespective of the amount 
of protamine used. An approximate 
proportion between the quantity of 
protamine necessary to return to nor- 
mal the thrombin times of certain plas- 
mas and to reduce the antithrombin 
activity of normal plasmas has been 
demonstrated. 

8. A hypothesis which suggests that 
heparin is the normal anticoagulant of 
plasma is presented. 
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EFFECT OF STREPTOMYCIN ON BLOOD 
CLOTTING TIME AND PROTHROMBIN TIME IN MAN® 


By Leo Elson, M.D.f 

D^U-LAS, TE-WS 

(From tho Department of Medicine, Veterans Administration flospital, ^IcKinney, Texas, 

and the Southwestern Medical College) 


Recently, Macht® reported tliat 
streptomycin when administered paren- 
terally shortened the coagulation time 
in rabbits and cats. Farrington and liis 
co-workers,^ investigating strepto- 
mycin toxicity in man, performed 
occasional determinations of the blood 
clotting and prothrombin times, but 
found them to be normal. Since strep- 
tomycin is one of the important anti- 
biotics in clinical use at present, it 
would seem desirable to determine the 
influence it may have on the clotting 
mechanism in man. 

TABLE l.-PERTINENT CLINICAL DATA 
IN STREPTOMYCIN AND CONTROL 
GROUPS OF PHTHISIC PATIENTS 

Streptomycin Control 

Croup Group 

( No. of C.ises ) ( No. of Cases ) 


Total No. of Patients 

21 

21 

Age (range in years) 

19-57 

21-57 

Activity of Lesion®; 

Class 1 

14 

15 

Class 2 

7 

6 

Collapse Treatment: 

Thoracoplasty 

4 

4 

Pneumothorax 

3 

1 

Pneumoperitoneum 

1 

0 

Lobectomv' 

1 

0 


“ Clinical cl.'issific.rfion adapted from criteria of 
Natioii.il Tuberculosis Association.' 

M.vtuiual. The patients selected for this 
study were 35 c.ises of pulmonary tuber- 
culosis, 2-1 having f.xr-advanced, 8 inoder.itc- 
ly advanced, and 3 minimal lesions. Of the 35 
cases, 14 were receiving streptomycin in ac- 
cordance with the protocxjl or the streptomv- 
cin research progr.ini of the Veterans’ .\dmiins- 
tration, .it the time this insestigation wms 
initiated. Tiie remaining 21 were suit.ible 
controLs. Seven of these were subsequently 
treated with streplonncin and retested as 


part of the streptomycin group. Thus the 
treated and control categories each comprised 
21 cases, 7 patients being common to both. 
Tlie pertinent clinical data for botli groups 
are listed in Table 1. They were matched as 
carefully as w.is cUnically fe.isible in all es- 
sential respects. ParticuLir pains were taken 
to assure close comparabiUty in respect to 
clinical activity, for it has been claimcd-'^i4‘- 
lliat the level of prothrombin in phthisis is 
related principally to the severity of the 
disease. To facilitate this, the patients were 
classified into txvo broad categories, adapted 
from the criteria of the National Tuberculosis 
Association^: Class 1: Activity none or slight; 
Class 2: Activity moderate or severe. 

Metiioos. Two methods of investigation 
were employed: (a) Perfonnance of repeated 
tests (3 to 5) at about the s.ame time (from 
1 to 2 hours following the morning dose of 
streptomycin) on different d.ivs over a peri- 
od of several weeks, (b) Perfonnance of tests 
serially, prior to and at 15, 30 and 90 min- 
utes following the injection of streptomycin 
(or a control injection of distilled w.iter). 

Each patient in the streptomvein group 
received 0.5 gm. of streptomvein in 2 cc. of 
distilled water at 8:00 a. m. and 8:00 p. m. 
daily for 120 days by tlie intramuscular route. 
The average dose of streptomvein vv.is 7.56 
mg. per kg. per injection. The control patients 
were given 2 cc. of distilled water intramus- 
cularly only during the perform. mce of the 
serial tests. 

.•Ml patients, otherwise, received subst.m- 
tially die s.ame routine treatment of bed rest 
and symptomatic remedies as required. 

Streptomvein blood levels were determined 
every 2 weeks by microbiologic.il ass.!)'.'-* 
Blood for these estimations was usuallv ob- 
tained from Hi to 2 hours after the morning 
dose. The average blooel level for the group 
was 10 microgr.ims ]x;r cc. with a range of 5 
to 40 micrograms. Streptomvein eiitim.itions 
could not be perfonned concomitantly with 
the serial tesb. so that tlie .ictual leUb .at 
the time serial samples were t.ikin is un- 
known. 
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time or prothrombin time with age, 
activity or extent of the lesion in either 
the control or streptomycin group. 

Serial Clotting Times. The means of 
the blood clotting times obtained 
serially and their standard deviations 
are recorded in Table 3. The signifi- 
cance of the mean differences be- 
tween the various test periods is 
revealed by tlie statistical analyses of 
Table 4. 


increase of one minute in the 90 minute 
period after streptomycin as well as 
increases between the 15 and 45, and 
15 and 90 minute periods. This may, 
with equal justification, be interpreted 
as indicating a decline in coagulability. 
It is, of course, conceivable that strep- 
tomycin may be responsible for both 
effects, but when one turns to the 
control group (B), it is observed that 


TABLE 3.-SERIAL MEAN BLOOD CLOTTING TIMES (IN MINUTES) OF CONTROL 
GROUP AND TUBERCULOUS PATIENTS INJECTED WITH STREPTOMYCIN 


13 Streptomycin Patients 

Minutes after 
Streptomycin 


Before 

Injection 15 
7.75 6.75 

Standard 0.99 0.84 

Deviation 


45 90 

8.5 8.75 

1.62 1.06 Standard 

Deviation 


13 Control Patients 

•Minutes .after 
Distilled W.ater 

Before 


Injection 

7.5 

15 

7.5 

45 

8.0 

90 

7.0 

1.03 

1.36 

1.12 

0.83 


TABLE 4.-STATIST1CAL ANALYSIS OF MEAN DIFFERENCES OF SERIAL 

BLOOD CLOTTING TIMES 

A. Within Streptomycin Group 


Intervals Beiiii' 

Dilf. of Me.iiis’ 

SD” 

cu*** 


Compared 

in Minutes 




Before — 15' after 

-1.00 

0.36 

2.77 

2.056 

Before — 45' after 

-fO.75 

1.78 

0.42 

2.056 

Before — 90' after 

-fl.OO 

0.40 

2.56 

2.056 

15' — 45' after 

-fl.75 

0.50 

3.50 

2.056 

15' - 90' after 

-F2.00 

0.38 

5.29 

2.056 

45' - 90' after 

4-0.25 

0.53 

0.47 

2.056 


B. Within Control 

Group 




0.0 

0.48 

0.0 

2.056 

Before — 45' after 

-f-O.D 

0.42 

1.19 

2.056 

Before — 90' after 

-0.5 

0.37 

1.36 

2.056 

15' — 45' after 

4-0.0 

0.55 

0.92 

2.056 

15' - 90' after 

—0.5 

0.45 

1.11 

2.056 

45' - 90' after 

-1.0 

0.39 

2.56 

2.0.56 


C. Between Control and Streptomycin Groups 



Before Injections 

4-0.25 

0.39 

0.6-1 

2.056 

15' after 

—0.75 

0.45 

1.67 

2.056 

45' after 

-T-O.. 0 O 

0..54 

0.93 

2.056 

90' after 

-f 1 . 7.5 

0.38 

4.60 

2.056 


•In A tV H phis (-f) indicatrs incrtMsr from pcriixl licforo to pciioii jftir, nnmii sun ^ ‘ 

iuclicalos tlccrcaso; in C, plus sitfn ( ^ indicalrs incriM^o in slrcptomschi. t.vcr cddIk'! ,;ruvip; ih'* mjn.ts 

sijin ( — ) the reverse. 

.SI)“Sl.uitKinl Kmir of Diiftreoie 
CU=Cril’c.il H.Uin; hohl-face fiviures aie Mi;nific.vnt. 
l=Ohtaiuo(! from Fuller ‘I* table.* 


It will be noted that there is a sig- 
nilicant decrease in tlie 15 minute 
period. From this it might appear that 
there is an increase in coagulabiliW 
after streptomycin. However, it will be 
noted that there is also a significant 


there is a significant decrease in clot- 
ting time from the 45 minute ({> the 
90 minute period. Since streptomvein 
obviously cannot be re:>ponsihI(‘ {ar 
this decrease in the control group, it 
would be unwarranted to hold it ac- 
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countable for the similar change in the 
streptomycin group. 

On the other hand, one cannot 
entirely exclude the possibility that 
streptomycin may cause the increase 
noted in the 90 minute period, particu- 
larly, since no such significant increase 
is found in the control group. Moreover, 
there is a rather significant increase of 


limited amount of data, as well as the 
possible existence of other unknown 
factors which may influence them, 
makes it necessary, that any differences 
found within the streptomycin group, 
or between the streptomycin and con- 
trol groups, significant though they be 
statistically, be consistent and unequiv- 
ocal before attributing them to strep- 


TABLE 3.-SERIAL MEAN PROTHROMBIN TIMES* OF CONTROL GROUP AND OF 
TUBERCULOUS PATIENTS INJECTED WITH STREPTOMYCIN 
13 Streptomycin Patients 13 Control Patients 


Minutes after 
Streptomycin 

Before 

Injection 15 43 90 

42.7 42.8 42.7 41.7 

Standard 

Deviation 2.96 3.30 3.14 3.20 

* of 5^ plasma in seconds 

1.75 minutes (CR equals 4.60) when 
comparison is made beRveen the 90 
minute periods of the control and strep- 
tomycin group (Table 4 C), However, 
there are no significant increases, when 
the 15 minute and 45 minute periods of 
both groups are compared. Thus, tlie 
meaning of the isolated increase in the 
90 minute period of the streptomycin, 
over the control group becomes prob- 
lematical. 

Serial Prothrombin Times. The 
means of the prothrombin time for the 
separate test periods and their standard 
deviations are presented in Table 5, 
Statistical analysis of the mean differ- 
ences reveals no significant differences 
witliin or between the 2 groups. 

Blood Clotting Times and Prothrom- 
bin Times Obtained on Different Days. 
The composite results are shown in 
Tables 6 and 7. No significant differ- 
ences can be demonstrated between 
the mean prothrombin times or the 
mean clotting times of the streptomycin 
and control groups. 

Discussion. Although serial blood 
clotting times following streptomycin 
show some significant differences, these 
are too indeterminate to ascribe them 
imcondifionally to its action. The 


Minutes after 
Distaied Water 

Before 

Injection 15 45 90 

41.5 42.4 40.5 41.9 

Standard 

Deviation 5.63 4.93 3.68 5.93 

tomycin rather than to some other 
unknown variable. However, while not 
conclusive, the data (Table 4) suggest 
that streptomycin exerts an anticoag- 
ulant effect 

From the blood clotting times 
obtained on different days no effect 
of streptomycin is discernible. It should 
be emphasized that the comparisons 
made by this method of study are of 
grosser nature. Averages obtained for 
2 hour periods are being compared. 
Differences may occur within this 
period which are obhterated by the 
process of averaging. Hence, the fail- 
iire to detect any effect by this method 
does not necessarily imply that the 
differences noted in the serial study 
cannot be attributed to the action of 
the antibiotic. 

The results of the prothrombin time 
studies both serially and on different 
days indicate that streptomycin exerts 
no demonstrable effect on the pro- 
thrombin time. 

Machts® demonstration of the de- 
cided thromboplastic action of strep- 
tomycin in rabbits and cats was not 
duplicated in these studies in man. The 
lack of effect cannot be attributed to 
insufficient dosage, Macht employed 
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total dosages ranging from 1 to a maxi- 
mum of 5 mg. per animal, a level not 
likely to exceed the average injected 
dose 7.56 mg. per kg. used in our 
patients. Differences of species or of 
technique may, of course, be respon- 
sible. 

Another possibility which cannot be 
adequately eliminated is that the 
tuberculous process itself may have 
masked or interfered with the response 


Lee-White and Quick techniques. A 
parallel series of 21 phthisic patients 
served as controls. Two methods of 
investigation were used: (a) tests 
during the same hours on different 
days; (b) serial tests during a 90 
minute period immediately after the 
injection of streptomycin. 

2. No correlation between the age, 
activity, or extent of the tuberculosis, 
and the clotting or protlirombin times 


TABLE 6.-COMPARISON OF MEAN BLOOD CLOTTING TLMES OF STREPTOMYCIN 
PATIENTS AND OF CONTROLS, PERFORMED ON DIFFERENT DAYS 


14 Streptomycin Patients 

1 1 Control Patients 


Mean Clotting Times 

Mean Clotting Times 

in Minutes 


in Minutes 

8.75® 


8.5“ 

Standard Deviation 1.26 

Standard Deviation 

0.3 


‘’Statistical analysis of Difference of Means: t (from Fisher ’t’ table )=2.0G; CR=0.3'1 (not siKiiificant) 


TABLE 7.-COMPARISON OF MEAN PROTHROMBIN TIMES OF STREPTO.MYCIN 
PATIENTS AND OF CONTROLS, PERFOR.MED ON DIFFERENT DAYS 

14 Streptomycin Patients 12 Control P.itienLs 

Mean Prothrombin Time Me.tn Prothrombin Time 

in Seconds in Seconds 

36.1® 37.5® 

Standard Deviation 2.87 Standard Deviation 3.7 

® Statistical analysis of Difference of Means: t (from Fisher ‘t’ lable)=2.0S; CU=:1.0S (not sistnifie.int >. 


to Streptomycin. A thorough search of 
the literature yields no positive infor- 
mation on this point. On clinical 
grounds, it is quite improbable that 
such is the case. The essentially normal 
levels of blood clotting and prothrom- 
bin activity found in our patients, as 
well as by others,"-® would seem to 
indicate that the physiological mech- 
anisms involved in resulatind these 
functions are normal in tuberculosis, 
and hence can be expected to respond 
normally to the action of coagulant or 
anticoagulant agents. It would beneces- 
sar)% howe\'cr, to restudy the effects of 
streptomycin in normal, healthy indi- 
viduals to be certain that tuberculosis 
docs not affect the response. 

Summar)' and Conclusion. 1. The ef- 
fects of streptomycin on the blood 
clotting and prothrombin times of 21 
patients with pulmonary tuberculosis 
were studied bv modifications of the 


was found in either the control or strep- 
tomycin groups. 

3. No significant effects upon the 
prothrombin time could be demon- 
strated by either method of iinestiga- 
tion. 

4. Significant differences between the 
mean clotting times of some of the 
test periods were obtained by the 
serial method, but the results were in- 
conclusive and could not be ascribed 
with certainty to the influence of strep- 
tomycin. No significant differences 
w'cre detected between the me.ni 
clotting times of the streptomycin and 
control group by the “different dav” 
method of study. 

3. Although there are no clinic.il 
grounds for believing that tuberculosis 
would affect the behavior of the clot- 
ting and prothrombin times in resj^onse 
to streptomvein, this possibilitv cannot 
be excluded in this studv. 
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TIIE CONTROL OF DICUNLmOL THERAPY“ 


By Joiix H. Olwin, M. D, 
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CHICAGO, ILLINOIS 

(From the Department of Surgery, Presbyterian Hospital of the City of Chicago, alTiliatcd 
with tlie University of Illinois College of Medicine) 


With the increasing use of dicumar- 
ol in the prophylactic and active treat- 
ment of thrombo-embolic conditions, 
the control of its administration and 
elfects becomes increasingly import- 
ant. 

According to the present concept the 
chief effect of the drug is the depres- 
sion of the plasma prothrombin, and on 
this basis a diminution in the clotting 
tendency of tire blood. Several investi- 
gators®-^*^’-® have found tliat the ad- 
hesiveness of the platelets is less in di- 
cumarolized blood than in normal con- 
trols, suggesting a second factor by 
which the drug may produce an anti- 
clotting effect. The chief effort in tlie 
control of tlie administration of the 
drug, however, has been directed to- 
wards the maintenance of the plasma 
prothrombin at a level at which in- 
travascular clotting will not occur and 
yet bleeding is not induced. In order 
to achieve this most workers in the 
field have employed the “one-stage” 
prothrombin determination described 
by Quick^^ or various modifications of 
it. 

By diluting normal plasma to various 
concentrations. Quick set up percent- 
age values of protlnrombin correspond- 
ing to the clotting times of the \ arioiis 
dilutions. Because of variations in the 
activity of tliromboplastin solutions 
prepared in various laboratories, tliis 
percentage scale could not be used by 
all investigators, and rather than set 
up a separate scale each time a new 
lot of thromboplastin is prepared as 
urged by Allen, ^ many workers choose 

• lliis study WAS lupiwitcsl in pArt by a .:rAaJ Iic-.a 


to report prothrombin levels in terms 
of the clotting times or “prothrombin 
time.” Camp Dell, ct alS' and Liuk*- 
and his co-workers found that diluting 
plasma to 12.5% of normal before de- 
terming its “prothrombin time” result- 
ed in a more sensitive reflection ot 
variations in the prothrombin level. 

The one-stage method utilizes an 
e.xcess of thromboplastin, an optimum 
amount of calcium, and a constant 
temperature to render the clotting pro- 
cess more uniform. The normal bulfer- 
ing action of the plasma also serves 
well to maintain a satisfactory pll 
range, and the blood colloids probably 
serve further to stabilize the reaction. 
There are numbers of known factors, 
however, and no doubt some as yet 
unknown, which are left uncontrolled 
and may be the cause of wide vari- 
ations in expected protlnoinbin esti- 
mates by the one-stage method. 

Among the known variables are dif- 
ferences in the rate at which prothrom- 
bin is conyerted to thrombin. This 
varies from species to species and often 
among individuals of the same 
species.^"’-^'"'^ Fantl and Nance'’ sug- 
gested that normal coagulation depends 
not only on a normal prothrombin but 
on a prothrombin accelerator as well. 
Ware, Guest, and Seegers-----^ have re- 
cently isolated a plasma fraction which 
has such a property and suggest that 
it may be an important factor in cer- 
tain pathologic blood clotting tenden- 
cies. 

It has been known for some \ears 
that nonnal human serum contains a 

Sl.c Qtho S. A. S;5 Ia;uc Mtu.ur-.A! Kurul 
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factor which neutrahzes the active 
principle in placental toxin. Recently 
Schneider^® has suggested that the toxic 
factor may be tliromboplastin and its 
inactivator antithromboplastin. He pre- 
sents evidence to indicate that this 
latter factor is increased during preg- 
nancy. In what other clinical condi- 
tions it may vary and what role, if any, 
it may play in influencing the clotting 
time in the one-stage prothrombin de- 
termination is unknown. 

Antithrombin may vary widely in 
different plasmas,^^ and variations in 
the heparin content of blood have been 
observed.®''* The catalytic action of 
heparin on antithrombin*® may be of 
real chnical importance in patients 
with abnormal heparin levels. 

Fibrinogen levels are known to vary 
under certain conditions®-*®'®* though 
Witts®'* found that the plasma fibrino- 
gen must fall to less than 30% of nor- 
mal before it materially aflFects the “pro- 
thrombin time.” Fibrinogen changes in 
dogs given dicumarol have been report- 
ed.** 

The results of the one-stage pro- 
thrombin determination then may be 
influenced by one or more of the above 
mentioned factors and possibly others 
as yet unknown. Diluting the plasma 
to 12 . 0 % or less before the determi- 
nation is made may modify the influ- 
ence of these factors to some extent; 

The “two-stage” determination as 
described by Warner, Brinkhous and 
Smith.®* by utilizing the two-stages in 
which blood normally clots, eliminates 
certain of the above mentioned fac- 
tors, namely, the variation in the con- 
version rate of prothrombin and vari- 
ations in the plasma fibrinogen. By 
providing for high dilution of the 
plasma, it neutralizes the antithrombin 
factor. Heparin may affect both the 
one-sta"c and two-stage tests in that 
it interferes with the conversion of 
prothrombin to thrombin. Antithrom- 
bopI.T,tin is highly sensitive to dilu- 


two-stage determination renders that 
factor inactive during the procedure. 

The important consideration in the 
control of dicumarol therapy is the 
maintenance of a safe, effective level 
of plasma prothrombin. A safe level 
has been taken to be that at which 
bleeding does not occur. The impor- 
tance of this is emphasized by the re- 
ports of fatal hemorrhages during its 
administration. The possible deleterious 
effects of the drug administered over 
a period of years have not been de- 
termined. The effective therapeutic 
level for the prevention of intravascu- 
lar clotting, or the extension of clots 
already formed, has not been definite- 
ly established, and there is at present 
no evidence that there is a therapeutic 
level at which intravascular clotting 
can absolutely be prevented. Several 
investigators*'*®'®® have reported a low- 
ering of the incidence of experimental- 
ly produced thrombi in dicumarolized 
animals as compared to control series, 
and there are numerous clinical reports 
of a lowered incidence of post opera- 
tive thrombo-embolism in patients 
given dicumarol prophylactically. Al- 
len® recommends a therapeutic range 
of between 10 and 30% using the one- 
stage method for prothrombin deter- 
mination. He has observed that intra- 
vascular clotting rarely occurs when 
the prothrombin level is less than 30% 
of normal, and bleeding is rare when 
the prothrombin is above 10%. 

Present Study. The purpose of the 
present study was to establish, if pos- 
sible, a safe effective level at which the 
protlirombin can be maintained over 
an indefinite period of time, and to de- 
termine the methods best suited for 
such maintenance. Since the present 
confused state of terminology makes it 
difficult to know the effective level, it 
seemed reasonable to maintain the pro- 
thrombin in the lowest bracket which 
proved to be safe, thus allowing the 
utmost benefit from the drug. Previous 
this laboratory with the 


tion.** and diluting the plasma in thee.xperience in 
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use of both the two-stage and the one- 
stage methods has shown the former 
to be more sensitive in reflecting 
changes in the plasma prothrombin. 

This report represents a study of 99 
patients under dicumarol therapy. In 
91 of the cases, both the orthodo.x 
Quick test^'^ and the two-stage test 
were used. The thromboplastin in the 
Quick test in all instances gave a 
normal control clotting time of 11 to 12 
seconds. In 14 cases, the modification 
of the Quick technique, as suggested 
by Campbell and his associates;^ that 
is, the “12.5% plasma” technique was 
used. In these cases the same test was 
made on 5% plasma to see if the use 
of a still more dilute plasma would re- 
sult in more sensitive changes. The 
shortest period of administration of the 
drug was 4 days and the longest 23 
months. The average time was 60 days, 
though the several prolonged periods 
bring this average to a somewhat high- 
er figure than the usual period of ther- 
apy. Four to 6 weeks have been the 
arbitrarily established period for the 
usual case of acute thrombosis, this be- 
ing extended if the individual case 
seemed to warrant it. 

Method of Administration. When tlie 
patient is first seen a protlirombin determina- 
tion is made, and if it is found to be above 
80% (two-stage), an iniUal dose of 300 to 
500 mg. of dicumarol, depending on the size 
of the patient and the original prothrombin 
level, is given. The second day 100 to 200 
mg. are given. Prothrombin determinations 
are repeated 2 days after the initial dose, and 
the selection of subsequent dosages is based 
on tile prevailing prothrombin levels. At the 
present time determinations are made before 
the initial dose of dicumarol, *18 and 72 hours 
after that dose, and then at intervals of 2 
days until the prothrombin drops to thera- 
peutic levek. Tins usually requires 3 to 7 
days but m.a\’ take longer. Determinations 
may then be reduced to twice weekly, later 
on to once a week. .-Vs will be discussed later, 
a bracket of between 10 and 20% pLasma 
prothrombin (two-stage) is regarded as ideal 
in each case but is difficult to maintain. In 
most cases, however, variations over a period 
of time may be limited to between 5 and 
354. In hipertensive patienb', an effort is 


made to keep the level in tlie neighborhood of 
30%. When tlie prodirombin drops below 
5%, as frequently happens in tlie early days 
of treatment, a urine specimen is examined 
daily for blood. The drug is not witlidrawn 
and usually vitamin K is not given. The dose 
of dicumarol is reduced by 50 nig. for 1 or 
2 days, depending on tlie protluombin 
determinations, which are usually one daily 
or every 2nd day during tliis period. Usually 
the prothrombin returns to a level above 
10% in a few days. Efforts are directed 
towards anticipating this rise and stopping 
it at the desired level. Bleeding is not neces- 
sarily e.xpected at such low levels, but if it 
occurs the same procedure is followed. The 
one-stage test is of particular value at this 
point. If it shows a level of 10% or below, 
the safety margin supplied by the other blood 
clotbng factors is known to be reduced and 
bleeding may be imminent. (Fig. 5). It a 
patient leaves tlie city for several weeks at 
a time, he continues to take dicumarol and 
sends samples of blood in at 7 to 10 day inter- 
vals. During weather otlier than that of hot 
summer days, the prothrombin is relatively 
stable in transit. From nearly any section of 
the country it can reach tlie laboratory 
vvithin 15 hours from the time it is drawn. 
The common maintenance dose over a long 
period of time is 300 to 450 mg. per week, 
though patients may require greater or lesser 
quantities of the drug. 

Combined Use of Heparin and Di~ 
ciimarol. In 34 of the acute cases of 
intravascular clotting, heparin was used 
in the first 48 to 72 hours before the 
full effects of dicumarol could be e.x- 
pected. A discussion of heparin thera- 
py is outside the scope of tins paper, 
but it must be borne in mind that hep- 
arin interferes with the conversion of 
protlirombin to thrombin, and any 
blood sample intended to guide tlie 
dosage of dicumarol must be drawn 
after the effects of heparin have been 
e.xpended. 

Comparsion of Methods. With tlie 
use of the two-stage test it has been 
possible in most instances to reduce the 
prothrombin level to a bracket of be- 
tween 5 and 35% and, with an occasion- 
al level slightly below or above, hold 
it between these two Ie\els. Figures 1, 
2 and 3 are representative charts of 
patients easily controlled under di- 
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cumarol therapy, with little variation 
in dosage once a therapeutic level has 
been reached. In Figs. 1 and 2, one- 
stage, whole plasma, determinations 
are sho%vn for compaision with two- 
stage readings. Figs. 3 and 4 show, in 
addition, the results of “prothrombin 
times” on 12.5% plasma. In many in- 
stances the prothrombin variations as 
measured by the different methods 


sometimes fatal hemorrhages have oc- 
curred. The two-stage test, however, 
shows that the prothrombin has not 
varied greatly from the previous level, 
and no marked change in the dicumarol 
dosage was made. At the time of the 
next test, the results of the one-stage 
and the two-stage were again parallel. 
The reason for the marked variation of 
the one-stage in such instances is not 



Fic, 1.— Comparative protJjrombm Icvt-Is, l-vtasc and 2-slagc uielhodH» of a paliunt rtceivmK djcumarol for 
lU raontivs. She wai. orti^mally Ucalv.d for a UuombopUlcbiUs, and because she felt her multiple sclerosis was 
unpfovtd durm^ tlic therapy, Jicr ph)3iciau maintained it for 10 inontlis. Koto the wide variation between 
the and 2'>ta^c prothrunibm readmes. Her sensitivity to dicumarol was ilLlermintd while she was 

iioipitaiucd duriHi; the early da>s of her tiirombuphlcbitis, and she was later treated as aa outpatient. There 
v.ai no appatvnt objective impiovinKiit m her multiple sckro»u. 


parallel each other, but this parallel is 
not consistent. For e.xample, in Fig. 1 
in several instances the two-stage 
method siiows a level of between 20 
.ind 30 Tl, while the one-stage registers 
a level of between 60 and 70%. If the 
oiie-st.ige tost were guiding the therapy, 
one would be prompted at such points 
give .1 large dose of dicumarol which 
wuuUl hkely lower the prothrombin to 
a d.ingorous level. In all probability it 
i> in sucii instances that serious and 


entirely clear, but one or more of the 
factors mentioned earlier may have 
been responsible. Likewise, the pro- 
thrombin estimates using 12.5% plasma 
do not show a uniform variation as 
compared to the two-stage or even the 
one-stage whole plasma determination 
(Figs. 3 and 4), Five % plasma was 
no more uniform than the 12.5% in 
reflecting protlirombin variations. 

.4s mentioned above, 91 of the 99 
cases were followed with both the one- 
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stage and two-stage tests. Most of the and an elevation of tlie prothrombin by 
other 8 cases were at times checked diminution of the dosage or withdrawal 
with the one-stage as well as the two- of the drug or, in some instances, ad- 
stage determination, particularly when ministration of vitamin K is indicated 
the prothrombin level fell to less than (Fig. 5). 

10%. This was of value in estimating Bleeding Hazard. Bleeding occurred 
the summation of the various clotting in 15 cases, the most common site be- 
and anti-clotting factors of the indi- ing the urinary tract. In 13 of the 15 
vidual blood at a point where the pa- patients, the prothrombin level was be- 
tient might be in danger of hemor- tween 1 and 11% (two-stage) when 
rhage from a prothi'ombin deficiency, the bleeding became apparent, and 



Fio. 2.— ProUiroinbin levels of a patient on dicumarol therapy, e.asily controlled for montlis with weekly 
lirothrombin determinations. A phlebothrombosis developed following minor injury to the leg. and tlie patient 
mrproved on heparin and dicumarol. He left the hospital after 12 days and therapy was discontinued. 
Symptoms recurred 2 weeks later, and hep.arin and dicum;irol were re-instituted. A thrombus in the great 
saphenous vein remained palp.rble and somewhat tender over the ensuing 3 months, during wluch liis 
his prothrombin was maintained within a bracket of 7 and lOfc. On 3 occasions the prothrombin according 
to the 2-slage method stood at 13, 16 and OCi? respectively, while the 1-stage whole plasma test showed levels 
cf 60, 59 and 55So respectively. There was no bleeding at any time and no residual signs or symptoms 
alter ther.jpy w.as stopped. 

E\’eu though this protlirombin as mea- stopped when the prothrombin rose to 
sured by the two-stage method might between 15 and 20%. In the other 2 
stand at 4%, a one-stage determination cases bleeding followed trauma, the 
showing 107o or more would indicate prothrombin being 36% at the time in 
that there were sufficient compensating both patients. In 13 cases bleedinc' 
factors to make bleeding unlikely (Fig. stopped following reduction of the dos- 
3). On the other hand, a level of less age of dicumarol. Two patients received 
than 10% of both methods is a warn- vitamin K to raise the prothrombin 
ing that bleeding may be imminent, level. Three patients with levels of be- 
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tsveen 5 and 20% have fallen without 
sustaining bruises. There was no in- 
stance of fatal hemorrhage in this series. 

Seven patients have been on control- 
led therapy during menstruation, 3 of 
them having had prothrombin levels 
between 5 and 23% at the time. In one 
case, the menstrual period was one 
day longer than usual. The intensity of 
bleeding was not changed. Five pa- 
tients noticed no variation from the 


the prothrombin is above 30%, it does 
occur and may well have been a fac- 
tor in this instance. 

Effectiveness of Dicumarol Therapy. 
The effectiveness of dicumarol in pre- 
venting thrombosis or its complications 
is diflScult to evaluate in that adequate 
controls cannot be conveniently set up. 

In this series it was used as a prophy- 
lactic measure in 12 cases. Of the 12 
cases, 1 developed thrombophlebitis 



Fig. 3.— Protluombin IcvlU of a patient under dicumarol tlierapy because of an acute, severe thrombo- 
phlebitis of Uie nstht leg. The results of the whole plasma techniques (1-stage and 2-stagc) are expressed 
m per cent of nonnal on tlic left hand, and the results of the 12 5^/o plasma arc recorded in seconds,— tJic 
right hand ordinate. In the early stages, the roults of the 1-stage whole plasma technique closely parallel at 
a somewhat higher level (hose of the 2-stage test. Later, this parallel disappears, the 1-stage showing a rise, 
while the 2-stagc shows a drop in prothrombm level. The prothrombin time of 12 5^o plasma m general 
»hows a rise when tlic protiirombin level according to the whole plasma 1-stagc test falls, but the timings 
are erratic and not suitable for dicumirol therapy control. Note that wliilc on December 21 the protiirombin, 
2-»lage, fell to o of nonnal, the 1-stagc tot showed a 20% level, indicating that there were sufBcient 
cumpeiisaling factors lu the blood to picveiit bleeding. The patient did not develop bleeding during his 
course of therapy. 


normal. One patient developed micro- 
scopic hematuria when her prothrom- 
bin was 7%. It bad stopped 2 days 
later when the protlurornbin reached 
2t%. Five days after this, she began 
to menstruate excessively. Her pro- 
tliromhin level was 53% at the time. 
Dnrin'' the next 60 hours she was "iven 

s’ O 

21 mg. of xitamin K parenterally by 
her phxsician. Excessive bleeding h.ad 
sto[)ped by the time the vitamin was 
vl.irted. Three d.ivs after the last dose 
her prothrombin level was S7%. Such 
excessive bleeding was out of the or- 
dinary for this p.itient, and while it is 
uniisu.i! for bkeding to he present when 


postoperatively. She was uncooperative 
and administration of the dicumarol 
was not satisfactory. When her throm- 
bosis occurred, the prothrombin level 
was 66%. No sign of thrombosis occur- 
red in the other 11 cases. 

Twenty-one cases of acute coronary 
thrombosis were dicumarolized. Tliere 
were no deaths, and none developed 
other thrombo-embolic phenomena. 
One patient with myocardial decom- 
pensation, who earlier had had anterior 
and posterior myocardial infarctions, 
was treated with dicumarol after he de- 
veloped phlehothrornbosis of the left 
leg and signs of a small pulmonary 
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embolus. Before his prothrombin reach- 
ed therapeutic levels, signs of tlirom- 
bosis developed in the other leg. Swell- 
ing of both legs disappeared after 2 
weeks, no further emboli developed, 
cardiac function improved, anticoagu- 
lant therapy was discontinued and the 
patient left the hospital. Sbcteen days 


bolus. He had had no dicumarol for 
34 days. 

Acute thrombophlebitis or phle- 
botlirombosis of the lower e.vtremity 
without signs of embolism were treat- 
ed with anticoagulant therapy in 43 in- 
stances. Papaverine was used in a few 
cases, but the treatment otherwise was 



Fig. -1.— Comparative prothrombin levels according to Uio 1-stage whole plasma technique, the same 
technique usmg 12.3Co plasma and the 2-stage technique. The results of tlio whole plasma techniques 
(1-stagc and 2-stage) arc e.\prcsscd in per cent of normal, on the left hand, and tlie results of tlie 
ia.S^o plasma method are expressed in seconds,— right hand ordinate. Note that on January 
b, 15 and 27 the “protlirombm time” of tlie 12 3''r plasma is 37, 48 and 57 seconds, respectively, 
re'l.itively near one another. The 2-stage method at these points show, a level of 126, 31 and 20''c 
respectively, relatively divergent v.ihics. Tins chart icirrcscnts the first month of treutment of the patient 
shown m Fig 1, and as will he noted there*, her prothrombin (2-stage) remained fanly well stabileccd over 
a period of time. Attenqits to order dicumarol on the basis of the 1-st.ige method using either whole or 
12 5*^0 plasma might have led to undesirable and serious results. 


after tlie last dose of dicumarol, he de- 
\ eloped a thrombus of the right fem- 
oral vein, and 4 da}'s later of the left. 
He died suddenly 2 weeks later of 
what appeared to be a cerebral em- 


bed rest. The legs were not elevated or 
immobilized. One case of acute throm- 
bophlebitis of the abdominal wall veins 
was treated likewise. The patients were 
kept in bed until the swelling disap- 
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peared in the instances of phlebo- 
thrombosis, and until tiie pain and red- 
ness were gone in the thrombophlebitis 
cases. There were no instances of em- 
bolism. Three cases of thrombophle- 
bih's of only the superficial veins at the 
time anticoagulant therapy was started 
did not progress to involvement of the 


tient a sizable optico-ciliary anastomo- 
sis was observed after 8 months of 
dicumarol therapy. 

Thirteen cases of embolism, single 
and multiple, were treated in patients 
with phlebothrombosis (8), auricular 
fibrillation (3), bacterial endocarditis 
(1) and no definitely known source of 



Kiti rt>p<jjuc to d.cumaiol lo a sensitive to the dru^, and a prolonged Weeding 

of the? antAojgulanf, ’Hie oO mg. dose of dicuznarol was given on October 10 by error 
*:ru»s btr.alt.ru. was oburved on OctuWr 17. IHecdmg continued and tho prothrombin level showed 
l.iilt' until Oetolt-r 2.J. On Octuhtr 26, lcC4U>c of troublesome d>suru, 3 doses of 19.2 mg. each 

<*t llvA... ue Wire 4ivi.n intraveotjuvly at mUivaU of 2 hours. Bleeding stopped Uie following day. 


deep wins. None of tlie cases of phle- 
iKJthroiiibosis de\e4oped into thrombo- 
phlebitis. 

Tea c.ises of thrombosis of the ceii- 
tr.i! retijial \ein were gi\en dicumarol, 
'1 of them retehing heparin as well, 
llure u.i', no progression of the loss 
of V bioa in .my e.ise, and improre- 
nuat oveurred in .ill cases. In one pa- 


the emboli (1). In 11 cases there were 
no further emboli as long as the pa- 
tients stayed on treatment. One pa- 
tient, controlled with difficulty, had re- 
peated small pulmonary emboli from 
what was considered to be a mural 
thrombus in the heart. Two of these 
developed when her prothrombin was 
at 1 1 and 44'io respectively, and a phle- 
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botlirombosis of the left leg came on 
when her prothrombin was 79%. What 
was clinically a splenic infarct develop- 
ed when the protlirombin was 10. An- 
other patient had what appeared to be 
repeated small pulmonary emboli when 
his prothrombin was 34%. No further 
ones occurred when it dropped to 26% 
or below. 

One patient with Parkinson s disease 
was treated with dicumarol over a pe- 
riod of 42 days without apparent bene- 
fit. 

Four cases of multiple sclerosis were 
treated with dicumarol therapy, one 
for as long as 11 months. Three show- 
ed no improvement, and the other who 
is still on therapy at the writing of this 
paper has shown subjective improve- 
ment. 

Three patients with cerebral throm- 
bosis were treated with dicumarol. One, 
a man of 68, had 2 episodes of paraly- 
sis in 2 years. He was placed on di- 
cumarol therapy following the first at- 
tack and completely recovered. Two 
years later he had a recurrence and 
was again placed on dicumarol thera- 
py. Recovery was again complete, and 
he has been on dicumarol therapy since 
that time, a total period of 23 months. 
Pie has had no recurrence. A second 
patient, a man of 82, improved fol- 
lowing Iris cerebral accident and left 
the hospital after 7 days. Dicumarol 
was discontinued 6 days following this. 
Six months later he again developed 
cerebral tlu'ombosis and was again 
placed on heparin and dicumarol. Plis 
condition again improved, and he was 
discharged after 55 days without con- 
tinuation of therapy at home. Six weeks 
later he died suddenly, and at autopsy 
a large pulmonary embolus and phle- 
bothrombosis of the right hypogastric 
vein were found. Permission to examine 
the head was not obtained. A tliird pa- 
tient, a woman of 74, has shown steady 
improvement after 6 weeks of dicum- 
arol therapy following cerebral throm- 
bosis. 


This series of cases is too small to be 
a basis for conclusion as to the value 
of dicumarol as a therapeutic and pro- 
phylactic agent. However, of the 99 
cases included here, 94 were treated 
actively or prophylactically for throm- 
botic or thrombo-embolic conditions. 
Of these, three (3.3%) had further 
thrombo-embolic phenomena while on 
dicumarol, 1 wliile under what was 
considered to be adequately controlled 
therapy. The other 2 were not satis- 
factorily controlled when tlie thrombus 
or embolus developed. The results sup- 
port the work of others who have re- 
ported a decrease in thrombo-embolic 
phenomena in patients receiving this 
type of treatment. 

Prolonged Dicumarol Administration. 
In this series, 6 patients received di- 
cumarol longer than 4 months, 4 for 
over 6 months, 3 for more than 9 
months, 2 for 12 months, another long- 
er than 20 months, and one patient 
took it for over 23 months. They were 
controlled by tests at weekly intervals, 
and in the long term cases the inter- 
vals were as long as 2 weeks. 

Neither these nor any of the other 
patients under treatment for shorter 
periods of time, showed any signs of 
toxic reaction to the drug. Occasional- 
ly, a patient vomited when large doses— 
300 to 400 mg.— were taken at one 
time. 

It is of interest that one patient in 
this study required as little as 100 mg. 
of dicumarol weekly as a maintenance 
dose, while one received as high as 
2800 mg. a week without being ade- 
quately controlled. The factors in- 
fluencing these wide variations in tol- 
erance to the drug are not clear. The 
influence of drugs such as tlie methvl- 
xanthine will be discussed in a later 
paper. 

Summar)^ and Conclusions. 1. Ninet\'- 
nine patients were treated actively or 
prophylactically with dicumarol, and 
in 3-1 cases heparin was also used. 
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2. W^ith the use of the two-stage pro- 
thrombin determination, it was possible 
accurately to maintain the prothrombin 
level within a desired range over a 
period of months, with a maximum 
variation in some instances of 13%. 

3. Fifty (30.5%) of the cases were 
treated as outpatients, most of them on 
weekly prothrombin determinations. 
The treatment period varied up to as 
long as 23 months. Some of the patients 
were out of the city for weeks at a 
time, and blood samples were sent to 
the laborator)' for control purposes. 

4. One-stage prothrombin methods 
(whole plasma, 12.5% and 5% plasma) 
were compared with the two-stage 
method. In all cases, there were wide 
variations between the methods used. 

5. The two-stage method is regarded 
as a more accurate and a safer method 
for the control of dicumarol therapy 
than any of the other methods used. 
The one-stage method is of real value, 
however, in estimating the summation 
of the clotting factors in an individual 
blood, particularly at a time when the 
prothrombin as measured by the two- 
stage test is below 10%. 

6. Bleeding occurred in 15 (13.1%) 
of the 99 cases given dicumarol. In 13 
of the 15 patients, the prothrombin 
level was between 1 and 11% (two- 
stage) when the bleeding became ap- 
parent, and stopped when the pro- 
thrombin rose to between 13 and 20%. 
In the other 2 cases bleeding occurred 
following trauma, the prothrombin be- 
ing .16% at the time in both patients. 
'I he urin.try tr.ict was the most com- 
mon site of bleeding. 


7. In those patients in whom bleed- 
ing developed, withdrawal of the drug 
for 1 or sometimes 2 days was suf- 
ficient in most cases to bring the pro- 
thrombin level to within safe limits. 
Since the dicumarol therapy was ac- 
curately controlled, the individual pa- 
tient’s prothrombin level was usually 
not far below his bleeding threshold. 
In two cases, vitamin K was given to 
raise the prothrombin level which re- 
sponded promptly, and the bleeding 
stopped in less than 24 hours in both 
instances. There were no cases of fatal 
hemorrhage in this series. 

8. Three (3.3%) of the 99 patients on 
dicumarol tlierapy showed evidence of 
further thrombo-embolism. Of these, 1 
showed such evidence while the pa- 
tient’s prothrombin was considered 
within the therapeutic range. In the 
other cases, it was above that range. 
The results of this study support the 
conclusions of other workers in the 
field tliat the use of dicumarol is of 
value in the prophylactic and active 
treatment of tlirombo-embohc condi- 
tions. The results also suggest that a 
range of 10 to 30% (two-stage) is a 
safe, efficient level for the maintenance 
of plasma prothrombin, 

9. Other than bleeding, no to.xic ef- 
fects of dicumarol were observed. The 
protlirombin level promptly returned to 
normal when the drug was discontin- 
ued. 

.\n ■.s Luelkii D-iIu ,tncl .\frs. Angelina 
Vittncio tontributcd valuable technical 
.ivsi't.inte during fliis study. 
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There is a number of well known 
factors which have an influence on the 
prognosis of pneumonia, some of them 
are for good, others for evil. We wish 
to call attention to some of these 
factors. 

Communities vary in the severity of 
their pneumonias, and in certain cities, 
Pittsburgh, for e.xample, the death rate 
has always been known to be high: in 
fact, as compared with New York, al- 
most double until very recent years 
after the introduction of chemotherapy. 

In severe influenza epidemics, as in 
1918, the prognosis of pneumonia is 
very much worse. In the winter of 
19-36-87 we had a small epidemic of 
rather virulent influenza with a subse- 
quent rise in our pneumonia death 
rate. 

There are some host factors which 
appear to have an evil influence on 
the outcome of pneumonia, namely, 
old age, chronic alcoholism, and neg- 
lect of the acute pneumonic infection 
after it has developed. Frequently, we 
see all of these factors combined in 
the same patient. It is our opinion that 
tlie hist, the neglect of the pneumonia, 
is by f.ir the most important and it is 
euinmon experience to have in the 
pii-’umoni.i service patients with pneu- 
n.'ciia who had been walking about 
>treets for a vari.ible number of 
dvvj. It i; we!! to remember the path- 

' ’.-t r* e-ir A..^^.ji;„a .L. .r.,*.-; 


ologists’ observation in this regard, 
namely, that at autopsy in cases of 
sudden death on the streets in the 
pneumonia season of the year, in about 
15%, the cause of death is pneumonia. 
We usually have in each year a few 
patients who die within a few minutes 
to a very few hours after admission 
to the hospital. Such neglected cases 
have little importance as regards ther- 
apy, and it is misleading not to sepa- 
rate this group from those who have 
been available for treatment at least 24 
hours in the hospital. Today very few, 
other than neglected cases of pneu- 
mococcic pneumonia, die. 

The rate of the pulse we find to be 
the most reliable clinical sign as to the 
prognosis of the pneumonia. A gradual- 
ly rising pulse rate to beyond 120 per 
minute is not good. The opposite also 
lends to hold tnie, namely, one rarely 
sees a fatal outcome in a pneumococcic 
pneumonia patient with a pulse rate 
consistently under 100. We do not in- 
clude children in this group nor, of 
course, postoperative atelectasis. 

The finding of pneumococci in the 
blood culture has always been in the 

р. Tst the most exact factor from which 
to make a prognosis,*'® but today 
penicillin cures many of tlie bacteremia 

с. Tses which formerly died. Tlie blood 
culture must be taken before any peni- 
cillin has been given because it does 

ArZar-t-c C*:/, Mav |, 10 H. 
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not appear to take very much peni- 
cillin to change a positive to a nega- 
tive culture. We would further em- 
phasize the importance of making bed- 
side blood agar plates so as to have 
bacterial colony counts. Over a period 
of a number of years we have yet to 
see a recovery from pneumonia where 
15 or more colonies were counted on 
the plate from 1 cc. of blood made 
immediately at the bedside in cases 
where no specific treatment, serum or 
chemical, was given. In our opinion 
there is not much value in taking blood 


cases with 18.7% of them shoNving a 
leukocyte count of 10,000 or less. The 
mortality was 61% in this small group 
of cases. They had a very high bac- 
teremia rate of 46%. In our e.xperi- 
ence this was the rule in prognosis 
for pneumococcic pneumonia patients 
with low leukocyte counts. But during 
the past 21 months, 1946-48, the figures 
are very different. In tliis period we 
had 169 cases with 43.2% of them 
having leukocyte counts below 10,000, 
and a mortality of only 7%. Tlie bac- 
teremia incidence of the group was 
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Fig. 1.— Pneumonia deaths in Pittsburgh. Average rates per decade. 


cultures in pneumonia if plates are not 
made. This is particularly true if one 
is studying any special form of ther- 
apy, as it makes the reading of tlie 
results of treatment easier and more 
accurate. 

A leukocyte count in pneumococcic 
pneumonia below 10,000 has usually 
carried with it a serious prognosis. 
Howe\’er, in tlie past 21 montlis, 1946- 
48, this has not been true in our cases, 
as the following data from our records 
would indicate. In 1935-36 we had 81 


34% which certainly is an inde.x of the 
virulence of the infection. The lo\v 
mortality we believe is due entirely 
to penicillin, but this does not alter 
the fact that in this large group of 
cases with low leukocyte counts a bad 
prognosis could not be made from the 
leukocyte count itself, and therefore, 
during the past 21 months the leu- 
kocyte count has had no prognostic 
value. The frequency of low leukocvte 
counts in pneumococcic pneumonia, in 
our opinion, is not due to the patient’s 
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resistance, but to some unknown factor 
in the type of the infection. It has 
been noted by others,®-® in different 
parts of the country. 

Finally, the most important influence 
for good on the prognosis of pneu- 
monia today is penicillin. The follow- 
ing charts show some of these points 
on prognosis, particularly the results of 
treatment with penicillin. 

Fig. 1 indicates a period of 75 years 
from 1873 to 1947. It is divided into 
10 year periods except for the last one 
which is only 5 years. In each period 


figure of 139. Certainly, at that time 
there was no specific treatment for 
pneumonia, so Ae low mortality for 
that period must have been due to a 
milder infection. For the next 30 years, 
however, 1883 to 1932, the average 
year in each decade was never below 
200. The great epidemic of influenza 
in 1918 accounts for the high peak of 
343, From 1933 to 1942 there is a fall 
to 124 and for the last 5 years to 1947 
the very low average figure for the 
year was 77. During the last 13 years 
the fall in the death rate has been defi- 



Fig. S.—Pneumonia deaths per 100,000, 1916-1947. 


the years are averaged. The chart is 
made from statistics from the Depart- 
ment of Health, Pittsburgh,® and rep- 
resents the deaths from pneumonia per 
100,000 population over this period of 
time. We would call attention to the 
first decade, 1873 to 1882, with the low 


nite. Serum was made more available 
by the City Health Department from 
about 1934 to 1938, and probably made 
some impression on the mortality fig- 
ure. Sulfapyridine became available 
in 1939, and from that date on chemo- 
therapy, including penicillin in the past 
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2 years, is chiefly responsible for the 
low mortality flgure. However, in the 
early part of this last decade and a 
half, 1933 to 1938, the question of a 
milder infection may have to be con- 
sidered as a possibility, since we do not 
believe that anti-pneumococcic serum 
was used widely enough to be entirely 
responsible for the fall in that period. 

Fig. 2 indicates the difference in 
the pneumonia death rates in 2 com- 
munities, New York and Pittsburgh. 
The charts are made from statistics 
from the Department of Health of the 
2 cities. Over a period of 32 years 


1933 is the only year when our mor- 
tahty rate was lower tlian New York, 
105 to 108. Our pneumonia, in the 
clinical sense, was mild that year. 
There was, of course, no chemother- 
apy and not too much serum was used, 
as the City Health Department at that 
time was not supplying free serum for 
pneumonia cases. The low mortality 
figure in 1933, therefore, was spontane- 
ous. In tliat year of the depression 
the Pittsburgh mills were not running 
and we had relatively little smoky 
atmosphere and much unemployment. 
We do not know exactly if these factors 



Fic. 3.— Mortality rate in pneumonia at Mercy Hosirital. 1925-19-lS. 


the death rate from pneumonia in 
Pittsburgh has always been higher than 
tliat of New York, except for one year. 
In the earlier years it was often double, 
but since chemotherapy tlie figures are 
more nearly equal. Our rates have 
dropped from 350 in 1916 to 54 in 
1947, while the New York figure was 
200 to 37. We wish to note tlie exces- 
sive peak in 1918 which was 1222 for 
Pittsburgh and 603 for New York; 


had any influence on the mortafity rate 
of pneumonia. The rise in 1936-37 
followed a sharp but small epidemic of 
influenza beginning Cliristmas week, 
1936. From 1939 tlie sulfonamides had 
their influence on tlie curve and in 
1945 penicillin was added. Probablv 
in die past 2 years much more peni- 
cillin was used generally in Pittsburgh. 
Again there is the suggestion diat in 
193S, the year before the wide use of 
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sulfapyridine, the mortality rate was 
falling and possibly this was due to a 
mild infection rather than to any effects 
of specific treatment. 

Fig. 3 shows the mortality rate in 
the pneumonias in our own wards at 
the Mercy Hospital, Pittsburgh, from 
1925 to 1948 (to April 1st). There 
was very little change in mortality until 
1937-38. We had used dextrose from 
1925-30 with no change in the prog- 
nosis. The first fall in 1937-38, we 


Ian therapy began. Since 1946 we have 
used only penicillin over a period of 
21 months, and the low mortality rate 
we feel is due to this medication. With 
a 43% mortality in 1925, the death rate 
has now fallen to 11% for all cases 
admitted, even if they died a short time 
after entering the hospital, or 6% if 
they were treated for at least 24 hours 
with penicillin. No children are in- 
cluded, while many cases were over 
60 years of age. 



Year 

Fig. 4.— Mortality rate in pneumococcus bacteremia. 1925-1948. 


believe, was associated with hydroxy- 
ethylapocupreine,'*'® which we began 
to use in 1935-36, but only in adequate 
amounts from 1936 until 1942. Sulfa- 
pyridine was added in 1939. The fall 
in mortality curve, 1937-42, was there- 
fore, due to the chemotherapy which 
in our wards was about equally divided 
between the quinine derivative, hy- 
dro.xyethylapocupriene, and the differ- 
ent sulfonamides. The rise in 1943 and 
1944 preceded a final fall after penicil- 


In Fig. 4 the mortality rate of the 
pneumococcus bacteremia cases is 
shown, as is also the incidence of the 
bacteremia over the same period of 
time, 1925 to April 1st, 1948. The 
marked fall since 1938-39 is the maiu 
point to note as in the earlier years, 
up to 1937, the mortality rate was 
about 70%, while in the past 21 months 
1946-48, the deaths were 19% with all 
cases counted who were admitted and 
11% of bacteremia cases who had peni- 
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cillin for at least 24 hours. Note that chemotherapy. The colony counts 
the incidence of bacteremia has not above 100 per 1 cc. of blood are listed, 
varied very much and in particular and it is to be kept in mind that all 
with the marked fall in deaths during were recovered cases. The large num- 
the past 21 months the incidence of ber in the peniciUin column is note- 
bacteremia was actually higher, reach- worthy and in this group we would call 
ing 35% of cases. The fairly constant attention to 3 of them especially, 123, 
bacteremia incidence is suggestive that 2260, and 247, This group of 3 cases 
there has not been a great change in was treated by mouth with penicil- 
the virulence of the infection over this lin.--'^ That they recovered is proof of 
period of time. During the 3 winter the value of this method of therapy, 
months of 1948, January, February and We have used this method for the 
March, we had an incidence of 40% first 3 months of the year 1948 in most 
bacteremia with Types I and II com- of our cases and it is now our opinion 
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Total Cases sz 17 17& 27 &? 


Fig. 5.— Pneumococcus bacteremia recovery rale. Colony counts above 100 listed. 1935-19-18. 

prising 90%. We have never seen more that for pneumonia the giving of peni- 
to.xic pneumonias and yet tlie response ciUin by mouth is tlie metliod of choice, 
to penicillin was remarkable. A comparison of oral and intramuscu- 

Fig. 5 shows the recovery rate in lar penicillin in pneumonia cases is as 
bacteremia cases both non-specifically follows: oral, 52 cases witli 4 deaths 
treated and specifically treated cases. (7.7%). Of these, 24 cases had bactere- 
Anti-pneumococcus serum, the qui- mia with 3 deatlis (12.5%). The intra- 
nine derivative hydro.xyethylapocupre- muscular injection group had 159 cases 
ine, sulfonamides and penicillin were witli 10 deaths (6.3%), while 43 of 
the specific measures used. The data them had bacteremia, widi 5 deaths 
were taken from 1935 to 1948 (to (11.6%). The 2 methods, therefore, 
.\pril 1st). The untreated cases were showed about the same results. (This 
in the early years of 1935-37, as since work will be published in another arti- 
then all cases in the hospital have had cle.) In non-specifically treated bac- 
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teremia cases (symptomatic therapy 
only) we have never seen a patient 
wifi a colony count above 15 recover. 
The recovered cases with colony counts 
below 100, which are not listed, were 
naturally much more frequent. The 
largest group of the bacteremia cases, 
however, were those showing pneumo- 
cocci growing only in the broth cul- 
ture. 


Conclusions. 1. The prognosis of 
pneumonia in Pittsburgh for many 
years has almost always been grave. It 
has, however, very markedly improved 
during the last few years due to chem- 
otherapy. In our cases of the past 21 
months the prognosis has been decid- 
edly good. 

2. Penicillin is the chief reason for 
the good prognosis. 
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With the widespread use of dicuma- 
rol (3') Methylene bis (4-Hydroxy 
Coumarin) ) therapeutically and pro- 
phylactically, the existence of hyper- 
reactors was early recognized.^ After 
we began to use dicumarol on the 
Fourth Medical Division of Bellevue 
Hospital, we were struck by the num- 
ber of patients with unusual sensitivity 
to the drug who had enlargement of 
the liver or other evidence of liver dis- 
order. We undertook this study to as- 
certain to what extent the response to 
a test dose of dicumarol could be cor- 
related with certain objective and 
laboratory evidences of hepatic dys- 
function. 

Procedure. Prothrombin time determinations 
were made by the Shapiro modification of 
the metliod of Quick, on whole plasma, using 
commercial thromboplastin manufactured by 
the Maltine Co. of New York City. Normal 
protluombin times with this material ranged 
from 11 to 15 seconds. By reference to a 
conversion table, the values obtained witli 
each sample were expressed in terms of per- 
cent of prothrombin activity. 

One hundred male subjects chosen from 
among the patients of 2 medical wards were 
tested for protluombin activity before .and 
following a single dose of 100 mg. of dicuma- 
rol. No patients were selected whose undiluted 
plasma prothrombin activity was not normal. 
After dosage, daily prothrombin measure- 
ments were made until the prothrombin time 
returned to normal, or until 4 daj's had 


elapsed with no change. In addition, most 
patients had cephalin flocculation tests and 
serum albumin-globulin determinations made 
in the central laboratories of the Bellevue 
Hospital. The results were tabulated and 
correlated with the clinical observations of 
the size of the liver below the costal margin, 
the presence and the amount of ascites, 
and the presence and degree of congestive 
heart failure. 

Results. The results obtained in the 
100 subjects are tabulated in Table I. 
Twenty-eight patients showed a fall in 
the prothrombin activity to less than 
60% of normal. Of these, all but 2 had 
some evidence of hepatic disorder or 
congestive heart failure. The patients 
with the most profound depression of 
prothrombin had evidence of e.xtensive 
liver damage such as ascites, positive 
cephalin flocculation tests, large livers 
or inverted albumin/globulin ratios. 
The lowest test of all was in a case of 
badly decompensated luetic heart dis- 
ease. 

^Vhile 93% of the 28 positive tests 
(below 60%) showed either congestive 
failure (11 cases), liver disease (12 
cases) or both (3 cases), the 72 cases 
wTtli tests above 60% showed only 17 
(23.6%) with heart failure, 12 with liver 
disease (16.7%) and 3 (4.2%) with 
both, an overall percentage of abnor- 
mality of 44.3%. 

CTlo) 
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In Fig. 1, the correlation between who sometimes showed prolongation 
the positive tests and the clinical and of prothrombin time for over a week, 
laboratory evidence of liver disease is there was no correlation with the other 
shown. Of 52 patients with enlarged criteria of liver function. Patients with 
livers (including 4 with massive ascites, a marked sensitivity to dicumarol in 
rendering accurate measurement im- terms of prothrombin depression might 
possible) 24 (46.2%) showed positive be normal the next day and, conversely, 
tests. In contrast, in 48 patients in a slight depression of prothrombin 
whom the Hver was not palpable, there might take several days to return to 
were only 4 positive tests (8.3%). Of normal. 

33 patients with congestive heart fail- Discussion. The exact fashion in 
ure, 14 (42.4%) were hyper-reactors, which dicumarol interferes with the 


46 . 2 ^ 



.Patients with inverted 
alhumin/glohulin ratios 


Fjc. l.—The proportion of hyper-reactors to dicumarol correlated with the size of the hver, presence of 
congestive heart failure, positive cephalia flocculation lest, and inverted albumin/globulin ratio. 

Of 12 patients with cephah'n floccula- elaboration of prothrombin- is not un- 
tion tests of 3-f- or more, 8 showed derstood. Fatal cases of dicumarol 
prothrombin depression below 60%. Of poisoning show no specific lesions in 
13 patients wth inverted albumin/ the hepatic parenchyma. Repeated and 
globulin ratios, 7 (54%) were positive, prolonged administration of the drug 
The length of time that it took for leads to no permanent depression of 
the prothrombin time to return to nor- prothrombin, which is restored to nor- 
mal was also studied. Aside from a few mal rapidly upon the administration of 
patients with advanced liver disease, vitamin K. If vitamin K and dicumarol 
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are given simultaneously the effect of 
the dicumarol is modified or completely 
inhibited.^ The chemical structure of 
the two substances is so similar that 
biochemical antagonism seems a hkely 
explanation of their relationship. Since 
it has been established that prothrom- 
bin is formed in the liver,® and the de- 
crease in prothrombin time accom- 
panying states of hepatic insuflBciency 
is well knovm, it is logical that dicu- 
marol should be more effective in 
patients with liver disease; and a dis- 
eased liver that was still functionally 
adequate to meet normal demands for 
prothrombin might be less able to resist 
the action of such a toxic substance as 
dicumarol. 

Shapiro and his co-workers® gave test 
doses of 50 mg. of dicumarol to a group 
of patients with liver disease and found 
that only in cases with a pre-existing 
prolongation of the prothrombin time 
was there any significant change. We 
attribute our more positive results to 
the larger dose of the drug employed. 

Our selection of patients might be 
criticized on the ground that mere pal- 
pability of the liver is no evidence of 
dysfunction, since a low diaphragm or 
variation in the flare of the ribs may 
push a normal sized fiver down, or it 
may become ptosed tluough relaxation 
of the ligaments that normally support 
it. However, we know of no easy way 
to distinguish between many such fivers 
and other fivers actually diseased. Cer- 
tainly, the palpability of the fiver is the 
commonest clinical denominator of 
fiver disorder, and should incite cau- 
tion in the use of dicumarol. 

An outstanding finding was the high 
incidence of congestive failure in tlie 


positive reactors. It is difficult to be- 
lieve that a fiver distended to several 
centimeters below the ribs is not phys- 
iologically deranged, and bromsulph- 
thalein excretion and other functional 
tests of the fiver in congestive failure 
support this thesis.'^ With the increas- 
ing use of dicumarol in tlie treatment 
of coronary thrombosis and pulmonary 
embolism, it is important to recognize 
that congestive heart failure may de- 
crease the tolerance to the drug. 

Our work confirms once more the 
observation that the many functions of 
the fiver may be interfered with inde- 
pendently of each other. We have had 
patients with marked evidence of liver 
damage who seem to have preserved 
weU their prothrombin elaborating 
mechanism. We have also seen patients 
with alcoholic histories, large fivers and 
no other objective evidence of fiver 
dysfunction give strongly positive re- 
sponses to 100 mg. of dicumarol. One 
such patient on a subsequent admission 
had developed a positive cephalin floc- 
culation test. In conjunction with other 
fiver function tests, the response to di- 
cumarol may be of value in dating the 
onset and progress of liver disease. 

Summary. 1. One hundred mg. of 
dicumarol were given to 100 patients 
and the effect on the prothrombin time 
followed. 

2. Depression of prothrombin activ- 
ity to less than 60% of normal occurred 
in 28 patients. Of these, 93% had evi- 
dence of fiver disease or congestive 
heart failure, or both. 

3. It is suggested that the response 
to a small test dose of dicumarol may 
be useful as an additional test of fiver 
function. 


Tlie clicuiiiarol used in this study was supplied in part by the Eli Lilly Co. The prothrombin 
times were performed by Mrs. Eva Roditi who also proved invaluable in many other w.us. 
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Ducci- recently reported a simplified 
modification of Maizels’ colloidal red 
test^° and claimed results fully as good 
as those obtained by Maclagan® with 
his modified colloidal gold reaction. 
Neefe etal. (in a footnote have sub- 
stituted the colloidal red test for the 
colloidal gold test for the purpose of 
routine study in his laboratory. Accord- 
ingly, it was deemed advisable to 
undertake the following investigation: 

1. A confirmation of Ducci’s" and 
Neefe’s^^ reports as to the value of the 
colloidal red test. 

2. A comparison of the colloidal red 
and thymol turbidity tests on a large 
scale. 

Methods and Material. The thymol turbid- 
ity test was performed as described by Ernst 
and Dotti^ e.xcept for a slight change in the 
barium sulfate standard as suggested by 
Kunkel.5 This change made only a slight 
difference in the unit readings not e.xceeding 
the e.xperimental error in the method. 

The colloidal red test was performed as de- 
scribed by Ducci-: 0.1 cc. of serum was 
added to 1 cc, of buffer solution, mixed, and 
5 cc. of colloidal red solution was added and 
mixed. Results were read at the end of 24 
hours. Readings were the same as those 
recommended by the author with the e.xcep- 
tion of his 1 plus interpretation. In this case 
we called the faintest precipitate visible 
without shaking a 1 plus reading. Each new 
batch of reagent was standardized by run- 
ning known positive and negative sera in 


duplicate with old and new reagent. At 
present we are investigating methods of 
standardizing the reagent colorimetrically in 
order to simplify the problem of its repro- 
ducibility. 

The groups of subjects chosen for this 
study were comparable to those reported 
previously^ and consisted of the resident 
population of the hospital, volunteer and pro- 
fessional blood donors, and patients. The 
blood donors were all presumably at least 4 
hours fasting at the time of sampling. All 
other blood specimens were obtained in the 
fasting state. AR grossly h’pid sera were 
treated separately since Kunkel*' and Shay 
et al.^~ have mentioned the possibility of 
lipid sera giving false positive thymol tests. 

Results and Discussion. Normal 
Cases. Forty-two normal cases were 
selected from the resident population 
and from this group we obtained an 
average thymol value of 2.5 with a 
mean deviation of 1.6. Four of this 
group showed elevated thymol values 
for a 9% incidence. In this same group 
there were 2 positive colloidal red 
tests for an incidence of 5%. These 2 
tests were rechecked in view of the 
fact tliat the thymol turbidity value in 
each case was normal. These values for 
thymol turbidity for normals are lower 
than the figures reported by Ernst and 
Doth.® This is due to the fact that they 
included in their series of normals a 
large number of blood donors which 


® This study was aided in part by a grant from the BeUeair Securities Corporation. 
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we will show give a higher thymol 
turbidity value than hospital personnel. 

In a group of 228 blood donors the 
samples were divided into two groups: 
(1) 201 cases with clear serum and (2) 
27 cases of grossly lipid serum. In 
group one the average thymol turbidity 
value was 3.4 units with a mean devia- 
tion of 2.4 units. There were 37 values 
above 5.0 units for an 18.5% incidence 
of positive tests. In this same group 
there were 9 positive colloidal red tests 
for an incidence of 4.5%. Of these 9 
cases 7 also had positive thymol tests. 

In separating these 2 groups now we 
find a lower incidence for our selected 
normals (9%) and a higher incidence 


were obtained from this group alone 
necessitating separate treatment of 
these sera. 

Of tlie 27 cases in Group 2, 17 (63%) 
gave positive tliymols, while 3 (11%) 
gave positive colloidal red tests. Coin- 
cidently these 3 cases all had positive 
thymol tests. The average thymol 
value in this group was 7.4 units- with 
a mean deviation of 5.2 units. These 
results would seem to confirm the 
observations of KunkeP and Shay et 
aU- tliat lipemia interferes with the 
thymol turbidity test. This may also be 
true of the colloidal red test so that 
both tests should be carried out on 
individuals in the fasting stage only. 


TABLE l.-COMPARISON OF THYMOL TURBIDITY TEST AND COLLOIDAL RED 

TEST IN PRIMARY HEPATIC DISEASE 


Disease 

Infectious Hepatitis 

Post Infectious Hepatitis (1 year followup) 
Laennec’s Cirrhosis 

Hepato-splenoniegaly, unknown etiology 
Chronic Alcoholism 


(18.5%) for the donor group than the 
previously reported 13% incidence for 
the combined group. In re-evaluating 
the donor group we learned that a 
number of so-called “professional” 
donors available to our blood bank 
consisted of chronic alcoholics whose 
medical histories were unreliable. For 
example, one such supposedly healthy 
donor had a thymol value of 21.9 units, 
a 4 plus Hanger, and a 4 plus colloidal 
red reaction. The possibility e.xists, 
therefore, that a number of these 
people may have some form of hepatic 
involvement and that this factor may 
play a part in the high incidence of 
positi\'e tests in this group, especially 
those in whom both tests were positi\'e. 
Inabilit}’’ to control the fasting state in 
donors may also be a major factor in 
this group. This is borne out by the 
fact that a large number of lipid sera 



Positive 

Positive 

Number 

Thymol 

Colloidal 

Of Cases 

Turbidity 

Red 

5 

5 

5 

5 

3 

3 

10 

9 

7 

1 

0 

0 

4 

4 

1 

25 

21 

16 


Hospital Cases. In addition to 
diseases involving the liver primarily 
it is well established that many diseases 
can affect the liver secondarily.^'^-®’'^-°'^° 
Accordingly our hospital cases were 
divided into two groups: 

(1) Patients without any knowm 
liver involvement (control group). 

(2) Patients with known primary or 
possible secondary' liver inv'olvement. 

There were 204 cases in Group 1, 
of which 25 ( 12.3% ) gave positive 
thjTnol turbidity reactions. The average 
thymol turbidity value was 2.8 units 
with a mean deviation of 1.8 units. 
There were onlv 2 positive colloidal 
red tests in this group for an incidence 
of 1%. Both of these cases also had 
positive thymol tests and included one 
case of scleroderma and one case of 
Buerger's disease. The thymol turbid- 
ity values and the incidence of posi- 
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tive tests in this group are lower than 
those previously reported by Ernst and 
Dotti,® This may be explained by the 
fact that in the previous publication 
cases of secondary liver involvement 
were included in this group rather than 
being treated separately as in tins 
paper. 

It is apparent from the data pre- 
sented that the colloidal red test has a 
low incidence of positive results in our 
control groups and in the great 
ma|ority of these instances the thymol 
turbidity test was also positive. There 


hepatic disease. Table 2 shows the 
results in diseases with possible second- 
ary liver involvement. A summary of 
the positive individual cases is given 
in Table 3. 

Our series of liver cases is admittedly 
too small to justify any conclusions at 
the present time. However, the limited 
data on liver disease does indicate 
several trends. It would seem that the 
colloidal red test correlates best with 
the thymol reaction in infectious 
diseases of the hver such as infectious 
hepatitis and infectious mononucleosis. 


TABLE 2 -COMPARISON OF THYMOL TURBIDITY TEST AND COLLOIDAL RED 
TEST IK DISEASES WITH POSSIBLE SECONDARY LIVER INVOLVEMENT 


Disease 

Cardiac Decompensation wth Chronic 
Passive Congestion of Liver 
Polycythemia Vera with Hepato-splenomegaly 
Metastatic Carcinoma of Liver 
Cholecystitis and/or Cholelithiasis 
Subacute Bacterial Endocarditis 
Infectious Mononucleosis 
Boeck’s Sarcoid 
Rheumatoid Arthntis 
Rheumatic Fever 
Sickle Cell Anemia 
Bronchopneumonia 


were only 4 instances in which the 
colloidal red test was positive and the 
thymol reaction was normal. Two of 
these occurred in the blood donor 
group and 2 in our normal control 
group. The significance of this is not 
clear at the present time. Especially 
satisfactory was the low incidence 
(1%) in our hospital control group 
where the collection of fasting samples 
could be rigidly controlled. 

We have arbitrarily divided the 
cases in Group 2 into those with 
primary liver disease and those who 
might have liver involvement second- 
ary to some other disease process. 
Table 1 shows the results of the 
colloidal red test as compared with 
the thymol turbidity test in primary 



Positive 

Positive 

Number 

Thymol 

Colloidal 

Of Cases 

Turbidity 

Red 

7 

5 

3 

1 

1 

1 

2 

1 

0 

12 

4 

3 

1 

1 

1 

9 

9 

9 

3 

3 

3 

3 

3 

2 

3 

1 

1 

1 

1 

1 

15 

5 

4 

57 

34 

28 

. other 

diseases of the 

liver such 


metastatic carcinoma, compensated 
cirrhosis, and chronic alcoholism, liver 
function tests can be unreliable and 
misleading.^^ The seeming lack of cor- 
relation between the two tests in this 
group of diseases may therefore be 
more apparent than real. It would also 
appear that, in general, there is a 
quantitative relationship between the 
thymol and colloidal red tests in that 
the colloidal red test becomes more 
positive as the thymol value increases 
in units. Conversely as chnical improve- 
ment becomes apparent the values for 
both tests decrease accordingly. 

We wish to emphasize at this point 
that this report is in the nature of a 
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preliminary one and is concerned pri- 
marily with the incidence of positive 
colloidal red tests in control groups. 
The value of any test, in part, is 
inversely proportional to the number of 
false positive tests obtained. The very 
low incidence of positive colloidal red 
tests in our control groups indicates 
the possible value of this test when 
considered from this point of view. 


the colloidal red test in Kver disease is 
being carried on at present and wiU be 
the subject of a future report. 

Summary. 1. A comparative study of 
the thymol tm'bidity and colloidal red 
tests was made and the results dis- 
cussed. 

2. The low incidence of positive 
colloidal red tests in the normal and 
hospital control groups as opposed to 


TABLE 3.-TABULATION OF INDIVIDUAL PBIMARY AND SECONDARY 

LIVER DISEASES 

Number 


Diagnosis of Cases 





Values 





Infectious Hepatitis 

5 

"pTY® 

10.S 

24.0 

16.5 

17.9 

6.8 






CRV*' 

1+ 

5-}- 

3-f 

44- 

l-f 





Post Infectious Hepat- 

3 

TTV 

7.3 

5.6 

6.4 







itis (1 year follow-up) 
Laennec’s Cirrhosis 


CRV 

3+ 

l-f 

l-f 



6.2 

15.9 

7.0 

14.3 

9 

TTV 

7.0 

6.3 

19.3 

5.9 

8.7 



CRV 

1+ 

1+ 

3-f 

0 

0 

14- 

34- 

3-f 

44 

Chronic Alcoholism 

4 

TTV 

9.7 

7.7 

S.3 

9.0 








CRV 

1+ 

0 

0 

0 






Chronic Passive Con- 

5 

TTV 

10.4 

18.0 

12.7 

6.1 

7.0 





gestion of Liver 


CRV 

3-}- 

4-f 

1+ 

0 

0 





Polycythemia Vera with 

1 

TTV 

8.0 









Hepato-splenomegaly 


CRV 

1+ 









Metastatic Carcinoma 

1 

TTV 

5.2 











CRV 

0 









Sickle Cell Anemia 

1 

TTV 

9.5 











CRV 

l-f- 









Bronchopneumonia 

5 

TTV 

8.9 

6.2 

10.0 

8.7 

11.9 






CRV 

0 

l-f 

24- 

24- 

14- 





Cholecystitis and/or 

4 

TTV 

10.7 

8.7 

5.0 

5.3 






Cholelithiasis 


CRV 

2-b 

l-f 

14- 

0 






Subacute Bacterial 

1 

TTV 

5.3 









Endocarditis 


CRV 

1+ 









Infectious Mono- 

9 

TTV 

8.4 

10.0 

11.0 

14.2 

6.4 

10.0 

6.9 

18.1 

10.3 

nucleosis 


CRV 

1+ 

24- 

2-f 

2-f 

14- 

l-f 

l-f 

34“ 

l-f 

Boeck’s Sarcoid 

3 

TTV 

7.4 

9.3 

7.9 









CRV 

24- 

14- 

24- 







Rheumatoid Arthritis 

3 

TTV 

11.5 

8.4 

5.5 









CRV 

3-f- 

0 

l-f 







Rheumatic Fever 

1 

TTV 

5-9 










CRV 1-f 

* =:Tlivmol Turbidity Value 
‘’“^Colloidal Reel Value 


Conversely, with one or two e.vceptions, 
botli tests correlate ver\' well in our 
cases of known hepatic involvement. 
From our present data it would appear 
that the colloidal red test gives a verv 
low incidence of false positf\'e tests 
and a verv high incidence of positive 
tests in hepatic involvement More 
intensive investigation of the value of 


the high incidence of positive thjmol 
reactions in these same groups together 
with the seemingly good correlation of 
these tests in infectious liver diseases 
would seem to justiK' our nresent 
opinion that the colloidal red test is a 
valuable liver function test. 

3. In view of our findings in the 
donor group of controls we deem it 
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advisable not to use such a group as 
normals in studies of liver function 
tests. 

4. Our studies confirm the work of 
Ernst and Dotti insofar as a high inci- 
dence of positive thymol reactions 
existed in all of our control groups. 


The lowest value obtained was 9% in 
a selected group of young healthy 
adults while our hospital group of 
controls gave an incidence of 12.3%. 

5. The use of both tests as screening 
fiver function tests has been valuable in 
our hands. 
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Two recent reviews in this journal, sibility of large series of well-controlled 
one on the visceral manifestations of cases. Accordingly, in tliis discussion 
scleroderma by Beerman^ and the other we shall even “grasp at a straw” by cit- 
on the radiological aspects of the same ing on occasion the results of a par- 
disease by Pugh^‘ re-emphasize the far- ticular treatment regimen in one or at 
reaching effects on the individual of most a few cases, 
generalized scleroderma- In a disease The value of physiotherapy and cli- 
of such eventual widespread involve- matic treatment will not be evaluated 
ment, a knowledge of tlie potentialities in tliis review beyond the statement 
of therapy in patients suffering either that in the management of generalized 
from the localized type of scleroderma sclerodenna certain pliysical means 
(morphea) or the beginnings of the such as heat, massage and hydrother- 
generalized form is to be desired. From apy may be helpful in some cases. Fur- 
a study of the literature and personal thermore, change in climate mav yield 
experience, it appears tliat treatment of an advantage to some patients. In fact, 
scleroderma of \’arious t)'pes is far from in bis survey of the Place of Health 
satisfactory. This dearth of effective Resort Therap\' in Dermatologic Dis- 
therapeutic means is due in part to the orders, Cipollaro’*^ reaffirmed the prev- 
gaps in our knowledge of the probable alent idea that “certain vascular dis- 
pathogenesis of scleroderma, and in eases such as Ra\ naud’s disease, peniio 
part to the rarity of the disease. This (chilblains), sclerodactvlia and sclero- 
latter circumstance precludes the pos- derma are benefited by climatic condi- 

(- 553 ) 
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tions. Patients with these disorders do 
not tolerate cold weather well. At a 
health resort located in a warm climate 
and possessing adequate facilities for 
medical treatment, patients with vas- 
cular diseases can be made more com- 
fortable and their life prolonged.” 

It is pertinent here to call attention 
to previous attempts to collect the avail- 
able data for the treatment of sclero- 
derma. Among these are the massive 
study of Boardman^ and the relatively 
recent reports of Duryee^'* on Sclero- 
derma, Modem Concepts of Therapy 
(1942), and of Dennie and Morgan^- 
on the Treatment of Certain Types of 
Scleroderma. Other sources of thera- 
peutic suggestions and results will be 
specifically mentioned in appropriate 
places. In assessing the value of any 
treatment procedure in scleroderma, 
the factor of spontaneous improvement 
must always be kept in mind. 

As is the case with any disease for 
which no one mode of therapy is spe- 
cific, there are innumerable procedures 
which, having given good results in 
someone’s hands, are highly recom- 
mended. A list of “recommended” 
treatment is given in Table 1. 

Table I. — Procedures Recommended 
FOR Treatment of Various Types 
OF Scleroderma. 

1. General Supportive Measures: 

Treatment of underlying causes: 
syphilis; neurocirculatory instabil- 
ity, etc. 

2. Endocrine and Ferment Therapy: 

Thyroid; pituitary extract; sex 
hormones all types. Ferment ther- 
apy (Sellei). 

3. Vitamins: C, D, and E (?). 

4. Miscellaneous Medicaments: Para- 

aminobenzoic acid; Promin; am- 
monium chloride (induced acido- 
sis); Benadryl; heavy metals 
(gold; bismuth). 

5. Irradiation Therapy: Thorium X; in- 

direct Roentgen irradiation; Ra- 
don ointment; Grenz rays. 


6. Fever Therapy: Typhoid, hot baths. 

7. Mecholyl. 

8. Frostigmine. 

9. Surgical Procedures: Sympathecto- 

my; parathyroidectomy. 

General Supportive Measures; 
Aside from the physiotherapeutic and 
climatic regimens, noted above, this 
category of treatment includes nutri- 
tious diet and vitamins (see below), 
attention to underlying disease and 
nervous factors. The influence of syph- 
ilis and its treatment in various types of 
patients with scleroderma has been 
known for a long time. Hutchinson in 
1884 reported the case of a patient with 
probable sclerodactylia and syphflis. 
Boardman'^ concluded after a thorough 
review of the literature that one had to 
admit that a large number of the cases 
followed infections or toxic conditions 
and especially syphilis. The possibility 
of the coincidental occurrence of the 
two diseases in tlie same patient or 
the presence of false positive serologi- 
cal reactions to the tests for syphilis 
must constantly be considered. On the 
other hand, it is not possible to dismiss 
summarily the occurrence of a rela- 
tively large number of abnormalities in- 
cludingpositiveWassermann tests in the 
cerebrospinal fluids of patients with 
scleroderma. One cannot, furthermore, 
assume a syphilitic cause for scleroder- 
ma because it has been demonstrated 
repeatedly that drugs and procedmres 
useful in the therapy of syphilis ( see be- 
low) may benefit patients suffering 
with scleroderma. 

With regard to the psychoneuroge- 
nous component in scleroderma, Stokes, 
Beerman and Ingraham'*® found that 
surprisingly little attention has been 
given in recent years to this aspect of 
the background of the vasomotor neu- 
roses. In fact, in their review the ques- 
tion is raised whether the psychic fac- 
tors involved in scleroderma play a 
primary or secondary r61e. Becker* on 
the other hand, believes that: “The 
syndrome embracing Raynaud’s disease 
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and sclex'oderma and some other types 
of scleroderma appear to be on a basis 
of neurocirculatory instability, with 
alternate spasm and dilatation of the 
superficial blood vessels. Thyroid sub- 
stance, if given in sufficient amount, 
vascularizes the skin, often producing 
improvement, although no real defi- 
ciency of the thyroid gland can be 
shown to exist. Our idea relative to the 
therapy for the conditions discussed is 
somewhat the same as that expressed 
by Christian, writing in regard to func- 
tional cardiac disease; “Endocrine dis- 
turbances, sympathetic and vagus im- 
balance, perverted metabolism, have 
been offered in the way of explanation, 
and treatment based on these ideas has 
been advised. All of these seem very 
fanciful, and tire majority of clinicians 
do not accept such as playing any sig- 
nificant causative role. It seems best to 
regard these patients as definitely sub- 
normal in some respect, particularly in 
nervous stability, largely on a congeni- 
tal or developmental basis. This idea 
gives a good key to an understanding 
of the limitations of treatment.” 

Endocrine Therapy. In BeermanV 
review of the visceral manifestations of 
scleroderma, the subject of endocrine 
involvement was discussed and de- 
clared to be controversial and unap- 
praised- Similarly, the use of endocrine 
products in treatment remains on a 
relatively empiric basis. The subject has 
been e.xhaustively reviewed by Castle,® 
Boardman,'^ Seale®® and Ehrmann and 
Briinauer,^® among others. In general 
there seems to be an impression that 
thyroid extract in small doses over long 
periods yields benefit. When this mat- 
ter is more fully investigated it appears 
that the reputation of thyroid therapy 
in scleroderma rests on a rather inse- 
cure foundation. .-Vlthough there has 
been a relatively large number of cases 
of scleroderma showing thvroid in- 
volvement. clinical results have been 
eqmh ocal, sometimes good and on oc- 
casion actually the reverse (.Vtwater). 


O’Leary and Nomland®® gave thyroid 
gland extracts to patients in whom the 
basal metabolic rate was below the 
average. They used either thyro.xine, 
4 to 8 mg., or desiccated thyroid gland, 
67 to 125 mg. The dosage of the drug 
was regulated to keep the basal meta- 
bolic rate between 0 and -j-10%. 
Although the simultaneous use of otlier 
treatment vitiated estimation of the re- 
sults from the thyroid medication, they 
found the results from the various 
preparations of the thyroid gland dis- 
appointing in the group as a whole. In 
cases of hyperthyroidism, thyroidecto- 
my was performed without apparent 
change in the sclerodenna. Likewise 
the use of compound solution of iodin 
in cases of exophthalmic goitre caused 
improvement in the general symptoms 
but widiout effect on the scleroderma. 
They concluded that the value of thy- 
roid gland extracts in the treatment of 
scleroderma is dependent not on the 
specific influence of the extract or the 
fact that the gland is manifesting hypo- 
function, but on the influence diat the 
extracts exert on increasing the blood 
supply in the cutaneous vessels. 

While a polyglandular deficiency has 
also been considered in the background 
of scleroderma, benefit may follow the 
use in a given case of a single endocrine 
product such as thyroid, adrenal or ova- 
rian preparations. Oliver and Lerman®' 
treated 10 patients with daily injec- 
tions of 1 cc. posterior pituitary extract 
over a period of 15 to 30 days, followed 
by a rest period of one month. Control 
patients were given 1 cc. of pancreatic 
extract with negative results. The im- 
mediate effect of tlie posterior pituitary 
extract was marked pallor, lasting 10 to 
13 minutes followed by a flushing of the 
skin of longer duration. .All the patients 
complained of abdominal cramps asso- 
ciated with bowel movements. .All 10 
patients sustained impro\ement, per- 
manent in some of them. The increase 
in er\'thema in or about the lesions in 3 
cases of morphea indicated an increase 
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in the blood supply. This increased 
blood supply, rather than a substitute 
true endocrine replacement effect, may 
be the factor responsible for the im- 
provement. Contrary to Oliver and 
Lerman’s experience, O’Leary and 
Waisman^® found that daily injections 
of posterior pituitary over a long period 
were of slight benefit in their patients 
with acroslerosis. 

Although Duryee^** included the fe- 
male sex hormones among the pre- 
ferred methods of treatment the rela- 
tively scanty literature is far from en- 
thusiastic. The similarities of general- 
ized scleroderma and dermatomyositis 
(Dowling and GriflBths^^) suggest that 
the recent work of Lamb, Lain, Keatty 
and Hellbaum-* on steroid hormones 
might be extended to the problem of 
the therapy of scleroderma. These au- 
thors observed significant clinical im- 
provement in 4 cases of dermatomyo- 
sitis by the injection of testosterone 
proprionate. Clinical improvement was 
accompanied with significantly in- 
creased ability to retain exogenous 
creatine, increased muscular strength 
and moderation of cutaneous lesions. 
Best results were obtained in the ear- 
lier cases before permanent vascular 
and muscular changes had occurred. 

Sellei,®'^ while championing the dual- 
ity of scleroderma and acroselerosis, 
has included scleroderma among the 
group of diseases he has called “dys- 
fermentoses”. This term is used to des- 
ignate those diseases arising in various 
tissues as a result of abnormal enzyme 
action, such as by ferments produced in 
the skin, bone marrow, and nervous sys- 
tem. He advocated a so-called ferment 
therapy for them. Administration of 
fresh or dried pancreas, as well as other 
digestive ferments, has yielded im- 
provement with actual softening and 
disappearance of the cutaneous indura- 
tion. Again, best results are obtained 
in the earlier phases of the process be- 
fore atrophy has taken place. It is also 
of little use in acroselerosis. According 


to this investigator, ferment therapy is 
based on a “chemical system” composed 
of enzymes, ascorbic acid and metallic 
catalysts. For best results it is neces- 
sary to have the enzymes and other 
preparations fresh, given continuously 
and for a long time. The ferments must 
be given about 1% hours before meals. 
Sellei prescribed 150 to 200 gm. of 
raw pancreas (mixed with mayonnaise, 
or leafy green vegetables containing 
ascorbic acid or sweet peppers, toma- 
toes, cucumbers, or an anchovy spread, 
or mushrooms). The remaining meals 
are left to the choice of the patient. 
However, with every repast there must 
be taken 3 pancreatin tablets, ascorbic 
acid, and iron. After several weeks the 
raw pancreas is replaced by pancreatin 
tablets and still later by raw liver (200 
to 300 gm. daily) prepared as was de- 
scribed for the pancreas. 

Sellei’s work has not received wide- 
spread confirmation. Urbach'*® has 
found it of interest and Becker and 
Obermayer® noted that the administra- 
tion of raw pancreas was of value in 
2 patients with generalized superficial 
scleroderma. However, O’Leary and 
Waisman®® have not seen any impres- 
sive effects from the use of insulin-free 
e.xtracts of pancreas or of other tissue 
e.xtracts. 

Vitamins. A growing literature on 
scleroderma involves the use of vita- 
mins in treatment. The data regarding 
vitamin D are convincing. Those in- 
volving the use of vitamin C and those 
indicating the possible value of vitamin 
E are highly conjectural. 

Disturbance of calcium metabolism 
is consistently found in scleroderma. 
This is especially prominent when scler- 
oderma occurs together with calcinosis, 
such as is the case in the so-called Thi- 
bierge-Weissenbach syndrome. Since 
there is evidence that scleroderma may 
in some way be related to h}'perfunc- 
tion of the parathyroid gland, and since 
the latter has a definite relationship to 
calcium metabolism, it is obvious that 
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this may be the basis for the disturbed 
calcium metabolism in this disease. 
Cornbleet and Struck^^ found that both 
calcium and phosphorus are retained in 
the body. This retention can be ac- 
counted for, for the most part, by the 
abnormally small quantities excreted in 
the urine. Large doses of viosterol mark- 
edly increase the calcium content of the 
urine and thereby produce a loss of 
calcium and phosphorus from the body. 
Cornbleet and Struck^ ^ offer an hy- 
pothesis to the effect that scleroderma 
is initially due to a toxin which injures 
the collagen syncytium and that the 
injured tissues secondarily take up cal- 
cium. This disposition of calcium may 
account for the frequently observed 
positive balance in scleroderma. As a 
result of this reasoning Cornbleet and 
Struck tried, with success, 200,000 to 
300,000 international units of vitamin D 
daily in 11 cases of scleroderma. In 
1939 HurameP- noted that AT-10 (di- 
hydrotachysterol ) was of use in sclero- 
derma. At least 4 months of continuous 
treatment is required for improvement; 
and scerodactylia responds more slowly 
than generalized scleroderma. Simi- 
larly Bernstein and Goldberger® found 
1 cc. daily doses of dihydrotachysterol 
for 2 to 4 week periods until 75 cc. had 
been administered, of benefit in a 70 
year old woman with scleroderma. 
There were no changes in the blood 
calcium or phosphorus values during 
treahnent. Norman-^ also studied the 
clfects of 50 to 100 thousand units a 
day of vitamin D on 3 women with 
scleroderma all of whom had Raynaud- 
like changes in the hands and feet. All 
sustained pronounced general improve- 
ment with restoration of the skin prac- 
tically to normal and an increased joint 
mobility. There was depression of the 
ovarian function in all 3 patients, and 
relapse occurred after treatment was 
stopped. Duryee*^ felt that although 
his experience with dihydrotachvsterol 
has not jnoduced demonstrable im- 
provement, it seemed to have some 


beneficial effect on one case in which 
parathyroidectomy had been per- 
tormecl. Since diliydrotachysterol is a 
sterol, its effect on calcium metabolism 
may be similar to that of estrogens. He 
felt that further investigation of this 
product is warranted. 

Although there is apparently no evi- 
dence for vitamin deficiency in sclero- 
derma but because vitamin C has po- 
tentialities in promoting wound heal- 
ing, Duiyee makes vitamin C a part of 
his routine of tlierapy. Indications that 
vitamin E may have some merit in 
scleroderma are found in the influence 
of this preparation on vascular dis- 
ease (Shute, Vogelsang, Skelton and 
Shute^“). The recent report of Burgess 
and Pritchard® on the successful treat- 
ment of ulcers of the legs with vitamin 
E, and their use of it in lupus erythe- 
matosus seems to support the ability of 
the tocopherols to regenerate collage- 
nous tissue. 

Para-aminobenzoic Acid. In a pre- 
liminary statement, Zarafonetis‘" re- 
ported on the use of paraminobenzoic 
acid preparations in unspecified dosage 
in 5 patients with a wide range of scler- 
odermatous involvement. There was 
improvement in 4. It appears to be best 
in the most extensive cases. There is 
a gradual softening of the affected parts 
with an increased range of motion. This 
agent deserv'es further critical study 
because of its potential toxicity. 

PnoMiN. In a preliminary report 
Wuerthele*''’ stated that she had reason 
to suspect a bacterial origin for sclero- 
derma. On the supposition that this or- 
ganism was a mycobacterium as in lep- 
rosy and tuberculosis, she treated a 
patient with scleroderma with promin 
in tragacanth jelly (sodium P,P®-diami- 
no - diphenyl sulfone - N - N' didextrose 
sulfonate). The patient was able to 
return to work in 2 months. In a later 
paper*'* Wucrthele-Caspe and her co- 
workers reported the finding of an 
acid-fast bacillus in 5 eases of sclero- 
derma (in sputum, blond, nasal and 
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subcutaneous tissue and has been 
grown from blood). All the patients 
treated with the promin locally, orally 
or by injection, showed definite, respon- 
sive changes. This work needs confir- 
mation. 

Ammonium Chloride in the Treat- 
ment OF Scleroderma. In spite of Le- 
riche and Jung’s-^ feeling in favor of 
tile operative (parathyroidectomy or 
sympathectomy) treatment of sclero- 
derma, they did not venture to propose 
surgical treatment at the onset of 2 
cases of scleroderma, and their pa- 
tients passed through the gamut of 
medical treatment. In the 2 years pre- 
ceding the date of publication they 
tried ammonium chloride which in- 
creases the elimination of calcium by 
way of the urine. They cite in detail a 
case of a woman with early scleroder- 
ma in plaques on the face which had 
resisted various medicaments and 
which continued to spread. Blood cal- 
cium was .103 gm. (hypercalcemia). 
She was placed on the following regi- 
men designed to increase the elimina- 
tion of calcium which Pautrier and his 
collaborators had shown was increased 
in scleroderma. 1, Acidifying regimen: 
Take bread, pastry, rice, sweetmeats, 
meat and fats. Avoid milk, green vege- 
tables and fruits. 2, Ammonium chloride 
3 gm. daily. After 20 days of this regi- 
men there was a marked improvement 
in the skin and the blood calcium fell 
to 0.089. The patient lapsed treatment 
and while under thyroid extract at an- 
other physician's hands there was a 
relapse of the local and systemic com- 
plaints. Resumption of the ammonium 
chloride was followed by rapid im- 
provement. Since that time on numer- 
ous occasions the symptoms recurred 
when the treatment was stopped. New 
lesions appeared even when thyroid- 
parathyroid e.xtract was used. This 
makes the good effects of the ammoni- 
um chloride appear to be more than a 
coincidence. The same results were 
obtained with a second case of sclero- 
derma (of the extremities). We have 


personally seen similar results in sev- 
eral of our patients. The mode of action 
of the ammonium chloride is not defi- 
nitely known. An acidifying regimen 
can double the urinary elimination of 
calcium. By the same mechanism, the 
acidosis produced by the large doses of 
ammonium chloride may considerably 
increase the excretion of calcium, may 
modify the pH and may produce an in- 
crease in the ionization of the calcium. 

Benadryl. O’Leary and Farber-® 
have administered beta-dimethylam- 
inoethyl benzhydryl ether hydrochloride 
(benadryl) to 9 patients who had acro- 
sclerosis and to 4 who had scleroderma. 
The benadryl was given by mouth in 
amounts varying from 200 to 800 mg. 
a day. A chief complaint of the acro- 
sclerotic patients was their inability to 
flex their fingers or to make a fist. Dur- 
ing the first 2 weeks of therapy 7 of 
the 9 patients who had acrosclerosis 
were able, because of the rapid disap- 
pearance of edema from their hands, to 
bend their fingers and to make a fist, 
and there was a decrease in the cuta- 
neous edema of 2 of the,4 patients who 
had scleroderma. Sustained benefit, 
however, was achieved for only 2 of the 
9 patients who had acrosclerosis. Pyri- 
benzamine and other antihistaminics 
may also yield similar results. 

Heavy Metal Therapy. Although 
the coincidence of syphilis and sclero- 
derma improved by anti-syphilitic 
therapy has been noted above, heavy 
metals (gold and bismuth) have 
e.xerted a non-specific beneficial effect 
in various types of scleroderma. Prem- 
inger, for example, believing sclero- 
derma to be an infectious process, used 
gold in the treatment of 3 cases of the 
diffuse type, 2 of the circumscribed 
variety, 2 of acrosclerosis and 1 of scler- 
oderma. Treatment consisted of intra- 
muscular injections of 0.01 to 0.05 and 
0.1 gm. solganal B in children and 0.25 
to 0.5 gm. in adults. The patients also 
received bismuth injections in conjunc- 
tion with the gold. The treatment pro- 
duced marked clinical improvement in 
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all patients except those with acro- 
sclerosis. In the case of localized sclero- 
derma, Flood and Stokes^*^ taking the 
lead from 2 French reports^^-^® dealing 
with the successful treatment of tliis 
form of scleroderma with bismuth com- 
pounds, obtained excellent results in 
2, good in 4 and fair in 1 case. Bismuth 
hydroxide (“Muthanor) and solution 
of sodium bismuth iodide and sodium 
iodide in propylene glycol containing 
saliginin and acetic acid (lodobismi- 
tol ) were used, but they noted tliat bis- 
muth subsalicylate is also effective ac- 
cording to other reports. Recent use of 
oral bismudr preparations suggests the 
possibility of their wider application to 
the therapeutic regimen of scleroderma 
(Stryker et 

Irradiation Methods of Therapy. 
The use of thorium-X ointment in 
scleroderma was first recommended by 
Bloch.® In 1933 Epstein^^ obtained 
good results in all the patients he 
treated with this means, but best 
results were obtained in the circum- 
scribed form of the disease. He em- 
ployed an ointment of 1000 to 2000 
electrostatic units in 1 gm. The oint- 
ment is applied on a wooden applicator 
to the affected areas, covered with 
gutta percha, bandaged and left in 
place for 18 to 48 hours, usually 24 
hours. Treatments are given at 6 to 12 
week intervals and as many as 10 treat- 
ments have on occasion been given to 
one area. No late sequelae had been 
observed after 15 years of trial in the 
Breslau Clinic. 

Indirect roentgen irradiation therapy 
of the central and vegetative nervous 
system was found to be of some value 
in stopping the unfavorable progress of 
scleroderma by Foerster'® and by Halt- 
er and Lundt.-® 

Strassburger" has suggested the use 
of Radon ointment for scleroderma. 
Grenz rays have also been used with 
benefit in a limited number of cases.-'^ 

Fever Ther.vpy. Fever treahnent 
with intravenous h'phoid \accine in- 
jected weekly for 10 to 20 weeks has 


been tried with some success in acro- 
sclerosis and diffuse scleroderma. Re- 
cently Dennie and Morgan^- described 
the fever treatment of circumscribed 
scleroderma by means of hot water 
baths. In 1934 one of these investiga- 
tors treated a case of central nervous 
system syphilis with hot water baths. 
This patient also had a large plaque of 
morphea on the back. Follow-up exami- 
nations revealed a startling regression 
of the sclerodermatous lesion and after 
a period of 6 months the sclerotic pro- 
cess had completely disappeared. There 
was only residual pigmentation where 
a purplish halo of an inch wide had 
surrounded the original lesion with 
mild atrophy over the site of the 
plaque. This result encouraged the 
writers to regard hot baths as a promis- 
ing therapeutic measure in scleroderma, 
since they felt that the vascular dilata- 
tion and resultant improved circulation 
must have been the main factor in 
overcoming the basic angiotropho- 
neurosis. Plowever, it was also felt that 
through this medium of raising the 
body temperature, the reticulo-endo- 
thelial system would stimulate the 
body's natural defense mechanism. 
Thus if any toxic factors were present 
as etiological agents, the chances of 
their suppression should be enhanced. 

Since this original experience, Dennie 
and Morgan have tried hot baths on 
several cases of scleroderma, including 
the generalized or diffuse types, as well 
as with acrosclerosis. Real success has 
been confined to circumscribed sclero- 
derma of the plaque and linear types 
and morphea guttata. Up to the present 
they have had complete regression of 
these t)'pes of lesions in 3 cases over a 
12 year period. In onlv 1 of these 3 
cases, however, were hot baths the onlv 
attempted therapeutic measure. Gland- 
ular extracts from the ovar\', thyroid, 
pituitarx' and pancreas and a concen- 
trated \itamin A and D preparation 
were tried first but little or no success 
was noted until fever therapy bv means 
of hot baths was instituted. 



460 


PROGRESS OF MEDICAL SCIENCE 


Dennie and Morgan’s method of 
administering hot water baths can be 
utilized by the patient at his home, and 
thus is inexpensive and can be easily 
carried out. The only equipment neces- 
sary is a bath water thermometer, which 
can generally be purchased from any 
large dairy, a clinical thermometer, a 
bathtub with hot, running water, two 
cotton and two woolen blankets, bath 
towel and ice cap. An additional mem- 
ber of the family must render assist- 
ance at home for this method of 
therapy. 

Mecholyl Iontophoresis. In 1937 
Duryee and Wright^® reported on then- 
experience with methyl choline ionto- 
phoresis. Up to 1942 they had used it 
for 9 years and at least 50 patients had 
received this form of treatment. There 
was marked or moderate improvement 
in 60% of these cases. It is not a specific 
treatment but causes increased vascu- 
larity of the involved parts. Ritten- 
bruch®^ found acetylcholin to act 
definitely on the mobility of the joints 
as well as on the sldn diseases. O’Leary 
and Waisman^® observed no outstand- 
ing results from the oral or hypodermic 
use of mecholyl chloride (acetyl beta 
methyl choline chloride) in acroscler- 
osis. 

Prostigmine. Based upon Perlow’s^- 
use of prostigmine in the treatment of 
peripheral circulatory disturbances, 
O Leary and Waisman^® found the oral 
use of the bromide or the methyl sul- 
fate subcutaneously of some value in 
the treatment of their patients with 
acrosclerosis. 

SinrciCAL Therapy of Scxeroderma. 
Since Leriche proposed the treatment 


of scleroderma surgically by an mter- 
ruption of the function of the sympa- 
thetic nervous system, a large group of 
investigators have treated a varying 
number of patients by this method 
with good or indifferent results. The 
literature on this surgical approach to 
the problem of scleroderma has been 
carefully collected by Hamalainen and 
Sdderlund,-^ to which paper the reader 
is referred. Ail agree that there is 
immediate improvement of variable de- 
gree but the final results leave much to 
be desired. Duryee^^ has summarized 
his views against sympathectomy as 
follows: ‘1, In those cases referred to 
our clinic in which this procedure has 
been carried out, no permanent improve- 
ment was noted. 2, The nature of the 
cutaneous lesions would prevent an in- 
crease in the vascular supply in the in- 
volved area even if the element of 
spasm were removed (Printzmetal). 3, 
The spasm which is present may occur 
independently of the nerve supply 
(Lewis). 4, In the majority of the pa- 
tients the affected vessels are general- 
ized ( not confined to those affected by 
the sympathectomy. Eds.). 5, The 
improvement in vasodilatation is usually 
temporary (Johnson and Berheim 
and Garlock).” 

Parathyroidectomy* merely in- 
fluences one factor, the calcium met- 
abolism in scleroderma. Some investi- 
gators have reported good early and 
late results and others have found this 
procedure wanting. 

On the whole, in view of the in- 
different results from surgery at the 
hands of conservative authorities, sur- 
gical methods should be the last resort 
in scleroderma of all types. 
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Nas,yl vasoconstrictors are among 
the most important drugs available to 
rhinologists. The weight of evidence 
indicates that these drugs afford sym- 
ptomatic relief only and are not cur- 
ative. Nasal vasoconstrictors can relieve 
nasal congestion for varying periods of 
time and when judiciously employed 
aid in promoting adequate drainage 
from the paranasal sinuses. Even tem- 
porary relief from the discomfiture of 
nasal obstruction is a boon to the in- 
dividual so afflicted, and a number of 
sympathomimetic amines have come to 
assume a legitimate place in the ther- 
apeutic armamentarium. 

Animal experimentation as a basis 
for observing the histophysiologic ef- 
fect on nasal mucous membrane of var- 
ious nasal preparations is well recog- 
nized, but not always practiced. Al- 
though it is obviously advisable to de- 
termine the histophysiologic effect of 
drugs on the normal nasal mucous 
membranes of experimental animals 
before advocating their widespread use 
in human beings, knowledge of unde- 
sirable caustic reactions sometimes 
comes initially via the patient’s nasal 
cavity.'*'^ If the truth be stated bluntly, 
this is literally paying through the nose. 
Years after its position in rhinologv had 
been liquidated by clinical trial-and- 
error, it was learned, for example that 
when mercurochrome is introduced 
into the nasal cavities of e.vperimental 
animals, the substance will pass 
through the mucous membranes of the 
( 462 ) 


nasal cavity and paranasal sinuses, 
through the turbinates, through the 
bony walls of the frontal sinus, and 
even through the dura, to discolor the 
cortex of the brain in much less than 2 
hoursF 

Experiences of the past decade have 
demonstrated that it is possible to cur- 
tail greatly, if not completely, two man- 
induced sequelae to promiscuous nasal 
medication — lipoid pneumonia and 
argyrosis. Recognition of the shortcom- 
ings of mineral oil as a vehicle for nasal 
medicaments, and its subsequent omis- 
sion in numerous preparations, in all 
probability have diminished the inci- 
dence of lipoid pneumonia from this 
source. On the other hand, if one were 
to propose an aphorism to describe the 
overmedicated cavity, it would run 
something like this: over- treatment can 
sometimes prove just as damaging as 
the absence of treatment. It is known, 
for instance, that argyrosis of the nasal ' 
mucous membranes can be due to pro- 
longed administration of silver salts in 
direct contact with the nasal mucous 
membranes. BryanF found silver de- 
posits in the biopsy specimens of nasal 
tissues of rabbits after having instilled 
various silver salt preparations intra- 
nasally for a period of 8 weeks. He main- 
tains that the promiscuous use of silver- 
containing nasal medicaments is dan- 
gerous and accomplishes nothing that 
cannot be accomplished safely and 
more efficiently by other means. 
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According to Kully,® tiie action of 
sympatliomknetic amines is chiefly on 
the blood vessels, although the secre- 
tory function is also involved. The sub- 
epitheJial capillaries, the arterioles 
and the venous sinuses of erectile tis- 
sues are subject to constriction, and 
nasal secretion is diminished. If vaso- 
constriction is severe or prolonged, a 
secondary vasodilatation ensues, in- 
volving the deeper venous sinuses more 
than the subepithelial vasculature and 
leaving the mucous membranes blanch- 
ed. Occasionally, the secondary reac- 
tion may be more evident and pro- 
longed than the primary constriction. 
Secondary vasodilatation is influenced 
chiefly by the type and amount of the 
drug used and by sensitivity of the 
va.sQmotor mechanism. 

In individuals in whom sensitivity 
to nasal vasoconstrictors has been es- 
tablished, Wright^® declares that the 
predominant complaint is nasal stuf- 
finess. The patient who overmedicates 
his nasal cavity usually does so to re- 
lieve a sensation of congestion. Usually 
the underlying condition is an acute 
cold or a recurrent attack of chronic 
sinusitis. The use of nose drops may 
have been initiated on the patient’s 
own responsibility or in some instances 
on the advice of physicians. As the 
practice of frequent intranasal medica- 
tion continues over prolonged periods 
of time, the relief becomes less pro- 
nounced; finally, little or no relief is 
obtained. Clinically, the mucous mem- 
branes of the overmedicated nasal 
cavity are often indistinguishable from 
tissues seen during acute allergic eni- 
sodes. In Wright’s^® e.xnerience all th'* 
patients with nasal Sensitivity to a nasal 
\nsocon.strictor ha\ e cinploved synthet- 
ic preparations and not natural ephe- 
drine products. In genera], many syn- 
thetic products provide a greater de- 
gree of vasoconstriction and a more 
prolonged effect than ephedrine. 

Exce.ssixe use of swnpathomimetic 
amines for a prolonged period of time 


can cause a clinical syndrome appro- 
priately termed “vasomotor rhinitis 
medicamentosa.” Fortunately, nasal 
sensitivity to vasoconstrictors can be 
checked rapidly by discontinuing the 
offending medicament. Vasomotor rhin- 
itis medicamentosa, like lipoid pneu- 
monia and argyrosis, is man-induced; 
its saving grace is the promptness with 
which cures can be established. No ra- 
tional employment of nasal medication 
will countenance deliberate and prom- 
iscuous overindulgence. 

Ryan^- undertook a study to observe 
the histologic changes in the nasal 
mucous membranes of rabbits pro- 
duced by the overuse of 2 types of 
nose drops. The first preparation was a 
0.125% solution of dl-deso.xyphedrine 
hydrochloride in a stabilized aqueous 
vehicle, 1.25% of anhydrous siilfathia- 
zole sodium and 1.25% of sulfadiazine 
sodium; the second preparation was a 
solution of naphazoline hydrochloride 
(privine hydrochloride). Each of these 
preparations destroyed the cilia and 
the epithelium was transformed into 
stratified squamous epithelium. The 
subepitlielial layer underwent fibrosis. 
The blood vessels became dilated and 
remained dilated for several weeks. 
Constriction and sclerosis of the blood 
vessels was observed at a later date. 

The effects of prolonged medication 
with nose drops, nasal sprays and 
nasal inhalers of vasoconstrictor amines 
were studied in normal adult rabbits bv 
Butler and Ivy.- The studies revealed 
that volatile inhalers and nasal sprays 
are similar in intensity and duration of 
effects produced, while nose drops ap- 
pear less effective as a method of medi- 
cation. The effects on the nasal mu- 
cous membrane produced by repeated 
administration of inhalers and spravs 
are similar, and both produced less 
pathologic change tlian that resulting 
from the u.se of nose drons. It seemed 
to the iinestitiators tliat the selection 
of methods of medication in acute rhin- 
ologic conditions should be limited to 
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nasal inhalers and sprays in most in- 
stances. When it is desirable to direct 
medication to a specific area in the 
nasal chamber, such as the ostium of a 
paranasal sinus, nose drops may be the 
method of choice. In conditions requir- 
ing prolonged and repeated medication, 
sprays or inhalers are proposed meth- 
ods of choice. In commenting on this 
investigation, it may be pointed out 
that clinical deductions were made 
from histologic study of the mucous 
membranes overlying the nasal septum. 
In actual practice, the purpose of liquid 
nasal medication as well as other means 
of intranasal medication is to shrinlc 
the mucous membranes of the turbi- 
nates in order to obtain relief rather 
than to constrict the mucous mem- 
branes overlying the nasal septum. 

Various authors have called attention 
to the secondary congestion arising 
from use or misuse of privine hydro- 
chloride. In general, the collective ex- 
periences appear to have been closelv 
parallel. Feinberg and Friedlaender® 
comment on more than 75 individuals 
in whom symptoms of nasal congestion 
were aggravated or prolonged by the 
continued use of the vasoconstrictor; 
Schiller^'* describes the secondary con- 
gestion arising from the drug in season- 
al hay fever; Gollom® writes about 
persistent nasal congestion following 
the use of the medicament; Mertins^® 
discusses 3 cases of rhinitis medicamen- 
tosa from excessive self medication; and 
Putnam and Herwick^^ report a case of 
naphazoline hydrochloride dependence 
of 23 months duration. Talmage^'^ des- 
cribes the case of a 62 year old woman 
complaining of continuous nasal block- 
age. The patient had been using an 
0.1% solution of privine hydrochloride 
for more than a year, employing more 
than 1 ounce of the medicament each 
week. Her dependence on the drug sub- 
sided comnletely within 3 weeks after 
its discontinuance. 

House and Carey’ call attention to 
the fact that children may exhibit a 


different response to ephedrine and 
privine hydrochloride than that of 
adults, with sedation following a period 
of M to 1/2 homrs of mild stimulation. 
The systemic effects that may follow 
administration of the latter drug to 
children include prolonged hyperten- 
sion with peripheral vasoconstriction; 
mild cortical stimulation, followed by 
depression; depression of the basal cen- 
ters; and an ability to resemble and 
potentiate the action of the barbitals 
in depression of respiration. In this con- 
nection, Childrey and Essex® point out 
that absorption from the mucous mem- 
branes of the nasal cavity and par- 
anasal sinuses is much more rapid when 
these membranes are inflamed. This 
may offer one explanation for an occa- 
sional case of systemic reactions. There 
is, in addition, also the possibility of 
sensitivity or idiosyncrasy to nasal 
medicaments. 

That ephedrine and other types of 
nasal vasoconstrictors can cause sec- 
ondary congestion is alluded to by 
Scarano^® who observed the secondary 
reactions ( returgescence, atony and 
bogginess) following frequent daily 
intranasal instillations of ephedrine and 
amphetamine in oil. Varying degrees 
of secondary reactions were noted in 5 
of 25 individuals utilizing ephedrine, 
while reactions from amphetamine 
were virtually negligible. During a 
period of 6 years Sternberg^® followed 
32 patients whose nasal discharge and 
obstruction were due more to the con- 
tinuous use of vasoconstrictors than 
to the underlying allergic condition. 
Eleven vasoconstrictors were employed 
and he observed no evidence as to 
which one produced more damage. 

Sevdell and McKnight^® write about 
8 individuals with distressing disturb- 
ances to the olfactory sense which, they 
are convinced, are attributable to the 
intranasal instillation of 2 diff^erent 
preparations of tvrothricin. both, how- 
ever, containing tvrothricin in concen- 
trations of approximately 1:5000. The 
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solutions were applied by spray and as 
nose drops. Anosmia or parosmia devel- 
oped after a solution of tyrothricin was 
used in the nasal cavity. These symp- 
toms have been persistent, ranging in 
duration from 4 to 8 months. The symp- 
toms have outlasted by months the 
condition for which the solutions were 
originally prescribed. At the time of the 
report none of the patients had regain- 
ed a normal sense of smell. Most of the 
patients thought there had been some 
improvement, at least as far as intensity 
of parosmia was conceimed. 

The problem of producing new sym- 
pathomimetic amines is of great im- 
portance and deserves more attention 
in the pharmaceutical world. Until 
pharmacologists happen upon an 
abuse-proof type of liquid nasal medi- 
cament, in FabricantV*^ opinion, im- 
proved medicine droppers, among 


other measures, are urgently required 
to assist patients in clinical utilization 
of controlled amounts of nose drops. 
The case for controlled dosage could 
be assured by the manufacture of a 
medicine dropper diat would permit 
automatically a desirable number of 
nose drops to be released when instill- 
ing liquid nasal medication. A truly 
effective medicine di'opper would go a 
long way toward abolishing some of 
the tendency toward uncontrolled over- 
dosage and would assist materially 
in eradicating the fear of producing 
unpleasant side-reactions tlirough over- 
dosage. Perhaps the need for an ideal 
sympathomimetic amine will be an- 
swered at some future date— but until 
then specific measures for overcoming 
the abuse and misuse of liquid nasal 
medication through overdosage are re- 
quired. 
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Neuronal Changes Associated With 
Tetany of Alkalosis and Hypocalcemia. 
Haroud Koenig, M.D., M.S., Ph.D., and 
Ruth Koenig, M.B. (Dept, of Anatomy, 
School of Medicine, Univ, of Penna.). 
These studies were carried out to test 
the hypothesis that the basophilic com- 
ponent of Nissl substance in the cyto- 
plasm of neurons serves as a source of 
energy for neural activity and may be 
depleted if this activity is sufHciently 
great and prolonged. 

Tetany greatly augments neural 
activity by producing repetitive spon- 
taneous discharges both in motor and 
in sensory neurons, and probably also 
in intemeurons. Hypocalcemic tetany 
was produced by intravenous admin- 
istration of sodium citrate solution in 
one cat, and of a solution of mono-and 
dibasic sodium phosphate at pH 7.4 in 
another cat. Aikalotic tetany was pro- 
duced by intravenous administration of 
a solution of sodium bicarbonate in 2 
cats. Blood pH rose from 7.4 to 7.8 - 
7.9. All 4 animals were kept in a severe- 
ly tetanic state for 2 hours and then 
fixed by perfusion of the vascular sys- 
tem along with 2 normal control cats.' 
The brain and cervical enlargement of 
the spinal cord were stained wth thio- 
nin-. 

The large motor neurons of the 
spinal cord and brain stem were stud- 
ied. In hypocalcemic tetany, these cells 
for the most part stained more lightly. 
The Nissl bodies were less sharp, light- 
er and fragmented as compared with 
the control sections. In aikalotic tet- 
any, these cells were distinctly darker 
than comparable cells in control sec- 
tions. The Nissl bodies were less sharp, 
but darker and often larger, and the 
cytoplasmic background showed a 
greatly increased basophilia. 
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The results obtained in hypocalcemic 
tetany are consistent with the energy 
theory of the function of Nissl sub- 
stance. Aikalotic tetany, however, re- 
sulted in an increase of cytoplasmic 
basophilia. It is suggested that anoxia 
resulting from cerebral vasospasm 
produced by alkalosis, or the effect of 
the pH shift on intracellular enzymes 
involved in Nissl body metabolism, or 
both, are responsible for these changes. 

1. Koenig, H., Croat, R. A., and Windle, 
W. F.: Stain Technology, 20, 13, 1945. 

2. Windle, W. F., Rhines, R., and Rankin, 
J.: Ibid., 18, 77, 1943. 

Effects of Ablation of Cerebellar 
Cortical Tactile Areas in the Cat. W. 
W. Chambers, Ph.D., and C. N. Liu. 
(Dept, of Anatomy, School of Medicine, 
Univ. of Penna.). Ablations of discrete 
portions of the anterior lobe of the 
cerebellum which are situated later- 
ally to the vermal veins and coincide 
with the tactile receiving areets' have 
been performed. These areas are the 
tactile areas for the fore and hind foot. 

Destruction of the fore and hind 
foot areas resulted in an ipsilateral loss 
of tactile placing reactions, overstep- 
ping of the ipsilateral limbs and reduc- 
tions of hopping reactions. These symp- 
toms have persisted for as long as 
8 months. 

Similar symptoms follow destructions 
of either the fore foot or hind foot 
tactile area but involve only the limb 
which corresponds to foot area remov- 
ed (i.e., ablation of fore foot tactile area 
results in symptoms limited to the ipsi- 
lateral fore leg.) 

That these changes in the postural 
reflexes, especially the enduring loss 
of the tactile placing reactions, may 
be due to increased postural tone is 
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unlikely, for the increase in postural 
tone in the affected limbs was minor 
as compared to the increased tone 
associated with medial vermal and, or, 
fastigial nuclear lesions, which are un- 
accompanied by loss of tactile placing 
reactions. Further evidence for the dis- 
crete symptomatology of the tactile 
area of the anterior lobe was obtained 
by ablations of nearly all parts of the 
medial vermis and cerebellar hemi- 
spheres without any impairment of 
placing reactions. 

1. Snidek, R. S., and Stowell, A.: J. 
Neurophysiol., 7, 331, 1944. 

The Functional Significance of some 
Thalamo-cortical Mechanisms. Her- 
bert H. Jasper, M.D. (Montreal Neu- 
rological Inst., McGill Univ.) (By invi- 
tation.) The results of 2 types of experi- 
ment on the thalamus are recorded: 1, 
analysis of various local thalamic struc- 
tures by stimulation of not more than 
1 c. mm. of carefully located areas in 
the thalamus using the Clark stereo- 
taxic instrument and recording the 
activity from over the cerebral cortex; 
2, implantation of stimulating elec- 
trodes in different parts of the thala- 
mus and observing subsequently the 
changes in behavior as recorded by 
cinematography following stimulation 
of various portions of the thalamus in 
the unanesthetized freely moving ani- 
mal. 

The results of the first series of 
experiments reveal 2 types of thalamo- 
cortical organization: a, the local nu- 
clear cortical system, which involves a 
point to point projection from tlie relay 
nuclei to the sensory areas of the cor- 
te.\- and from the association nuclei 
such :is the pulvinar and the dorso- 
medial nucleus to other cortical areas. 
This local point to point projection 
seems to be just as precise for the 
dorso-medial nucleus, for example, to 
various portions of the frontal lobe, as 


is the localization of ventralis postero- 
lateralis to the postcentral gyrus. Over- 
lapping this local system, there is, b, a 
diffusely projecting system, which we 
have called the thalamic reticular sys- 
tem which includes the intralaminar 
fibres and nuclei and the reticular nuc- 
leus, In the central core of this reticular 
system, which in the cat occupies the 
rostral portion of the massa intermedia, 
it is possible to stimulate over an area 
of not more tlian 2 to 3 sq, mm. in 
size and obtain control of spontaneous 
rhythmic activity of the entire cortex. 
This control is maintained even after 
destruction of the thalamic nucleus 
which projects in a local manner to 
this same cortical area so that it is an 
overlapping though diffuse projection 
system with particular functions, we 
believe, in the general regulation of 
excitability and possibly timing of 
events in various areas of the cortex 
relative to each otlier. From a portion 
of this system, it was possible to obtain 
the bilaterally synchronous wave and 
spike discharge very comparable to 
that seen in petit mal epilepsy. 

The stimulation of this svstem in the 
unanesthetized animal with implanted 
electrodes reproduced a form of seiz- 
ure, during a period after the end of 
stimulation, which simulated as closelv 
as could be expected the petit mal 
lapse of responsiveness, without con- 
vulsive movements. With higher fre- 
cjuency and higher intensity stimula- 
tion of the same area, generalized 
major convulsive seizures were pro- 
duced. 

It was postulated that this thalamic 
reticular system whicli has its over- 
lapping diffuse but yet topographically 
organized projection to all cortical re- 
gions must have some ceneral facilitorx' 
and possiblv also inhibitorv' effect on 
cortical activits% perhaps liomologous 
with the functions recently described 
hv Magoun and Rhincs for the bulbar 
reticular system. 
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well as personal experience in investigative 
work. 

It is difficult to select outstanding chapters 
for comment. Those on endocrine disturb- 
ances and nutritional deficiencies discuss e.x- 
perimental work and its relation to clinical 
diseases and malocclusion of the jaws and 
teeth are w^ll treated. There are foinr chap- 
ters on stomatitis and allied diseases of the 
oral mucosa. The chapter on tumors is com- 
prehensive and well illustrated. There is no 
mention, however, of fibrous dysplasia of 
bone which is now recognized as an import- 
ant lesion occurring in the jaws and one 
which must be differentiated from neoplasms. 

P. B. 

Occupational Mabks. By Francesco Ron- 

CHESE, M.D., Boston Univ. School of Med.; 

Pp. 181; 163 Ills. New York; Grune & 

Stratton, 1948. Price, $5.50. 

This brief volume is a tribute to its author. 
It emphasizes the place the objective denna- 
tologic method of “look first and ask after- 
ward” should have in the general scheme of' 
medicine and specifically in personal identi- 
fication. Dr. Ronchese has made a hobby 
“pay off” by producing within 181 pages a 
well-documented, excellently-illustrated com- 
pendium of occupational marks. While many 
of these data are available in scattered 
sources (adequately given in the bibliogra- 
phy), this is the most accessible compilation 
in English for the interested reader. 

Included in this guide are certain general 
aspects of the subject such as specific occu- 
pational markings; professional markings; 
body areas and distinctive markings; decep- 
tive markings and legal problems and classi- 
fication of markings. 

Altliough this volume is unique in many 
ways, its usefulness, in spite of the table of 
contents and index, could be enhanced by 
the addition of several lists with appropriate 
text and figure references, such as, for ex- 
ample, a list of marks and the oarticular oc- 
cupations commonly yielding them, and a 
,list of occupations with the marks produced 
hv them. II. B. 


Take Off Youn Mask. Bv Ludwig Eidel- 
uEiiG, M.D., New York Psvchoanalvtic In- 
«'ilule. Pn. 230. New York: International 
Univer.sities Pre.s's, 19-18. Price, S.3.25. 

This unusual bonk offers an .iccount of 
nsvcho-analvtic procedures to physicians and 
lavmen. The author, a member of the Ih'enn.i, 
British and .Vinerican Psvclioanalvtic Soci- 
eties, has a remarkable abiliti’ to conden.se his 
stories and to make them interesting. IICs 
book of 8 chapters and S c.ises will riclilv 
rep.iy its re ider.s. E. B. 


Psychiatry. By William A. O’Connor, 
L.M.S.S.A. (Lond.). Pp. 380. Balt.: Wil- 
liams & Wilkins, 1948. Price, $9.00. 

In this “short treatise” based on hospital 
and teaching e.xperience in England, the au- 
thor gives clinical descriptions of the neu- 
roses and psychoses which are eclectic and 
conventional. In general he favors a psycho- 
analytic explanation of pathology. But in the 
discussion of wide principles he goes far to 
the left as he apparently reacts against me- 
chanistic ideas prevalent in Britain and comes 
near suggesting tliat the real origin of all 
illness is in tlie mind. E. B. 


Medullary Nailing of Kuntscher. By 
Lorenz Bouner, MID., Prof of Surgery, 
Tretter, M.D. Pp, 386; 1261 ills. Balt.: 
Williams & Wilkins, 1948. Price, $7.00. 
Univ. of Vienna. Translated by PIans 
Intramedullary nailing for fractures of 
long bones, introduced by Kuntscher of Ger- 
many in 1940, Iras been used extensively in 
Europe. Until now, however, the method has 
been rarely employed in the United States, 
A comprehensive critique of the method by 
Lorenz Bolder, a leading authority on frac- 
tures, is timely. 

He analyzes experiences with intramedul- 
lary nailing in 600 fractures, emphasizing the 
narrow limits within which the method 
should be applied. Although he believes that 
intramedullary nailing is the best method 
available for the treatment of femoral shaft 
fractures which are not comminuted, he has 
discarded its use for tlie treatment of almost 
all fractures of the tibia, humerus, and fore- 
arm bones because of the frequency of com- 
plications. 

Like most of Bohler’s writina the book is 
didactic in tone. It could have been profita- 
bly shortened if similar details of technique 
had not been repeated for each bone. Ameri- 
can surgeons will be surprised bv the fre- 
quent neglect of tlie patient’s general condi- 
tion and the failure to use proncr supportive 
treatment during oneration. The illustrations 
are profuse and wiselv selected. Instnictions 
in the actual technique of nailing are detailed 
and lucid. Surgeons of this country are in- 
debted to Bbhicr for furnishin*'' this critical 
analysis of a vahnble method of fracture 
treatment when experience here is .is vet 
limited. \V. F. 

Dlvgno.sis in Daily Pr.xctice. By Bentxmin 
A . White. Af.D., .Ass’t Clinical Prof, of 
Medicine. Yale Univ,, and Charle.s F. 
Cr^CHirKTER. .M.D.. Prof, of Pathology, 
Georgetown Univ. Pp. 603: 360 ills, Phila.: 
J. B. Lippincolt, 19-17. Price, $15.00. 
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This book is not offered as a detailed text- 
book of medicine. It is intended as a guide for 
the advanced student, the intern, and the 
practitioner “In the selection of a daily routine 
which will embrace the more important and 
comprehensive diagnostic procedures” proven 
to be of value in the diagnosis of disease in 
its earliest stages. 

The book is divided into 5 parts. The first 
of these ( Chapters 1 to 3 ) defines the major 
human diseases as determined by morbidity 
and mortality statistical studies and gives the 
etiological classification and regional distribu- 
tion of these diseases in the body. Lastly a 
routine diagnostic survey, utilizing procedures 
of known value in the diagnosis of the major 
diseases, is formulated. Part II (Chapters 4 
to 12) is devoted to a discussion of the im- 
portant symptoms occurring in the presence 
of the major diseases. Part III (Chapters 13 
to 20) similarly deals with abnormal physical 
findings, and Part IV (Chapters 21 to 26) 
discusses laboratory procedures of use in diag- 
nosing the major diseases. In each of these 
Parts are given differential diagnostic lists per- 
tinent to the subject matter discussed therein. 
Part V (Chapters 27 to 49) presents the 
clinical features of the major diseases, with 
tables giving their differential diagnosis. 

The authors can be commended for their 
practical and unique approach to an old and 
difficult problem. To tliis e.vtent physicians 
will find this book of interest, but otherwise 
they are likely to find in it little that has not 
already been presented just as well or better 
elsewhere. 

The publisher can be commended for pre- 
senting a book that is well bound and well 
printed on Irigh quality paper. Illustrations, 
graphs, and tables are adequate and well done 
but there are a goodly number of typograph- 
ical errors in tlie te.xt. R. K. 


IIem.vtolocy. By Cvnus C. Stuucis, M.D., 
Prof, of Internal Medicine, Univ. of Mich- 
igan Medical School. Pp. 913; 72 ills. 
Springfield, 111.; Charles C Thomas, 1948. 
Price .$12.50. 

Tins volume, of imposing size and format, 
contains a good many typographical errors. 
Some of the colored plates are not informa- 
tive. There is considerable redundancy of dis- 
cussion. Some personal case reports might well 
have been omitted. A few strictly up-to-date 
topics, for whatever they may be worth, are 
missing from the index, such as: hypersplen- 
ism, hj’perheparinemia, mast cells, the use of 
protamine and toluidin blue, "L.E.” cells, 
cryoglobulins, auto-agglutinins, cold agglutin- 
ins, folic acid "antagonists", urethane, nitro- 
gen mustard, “B-12”, and “sludged blood". 

Despite these adverse criticisms, tlic re- 
viewer treasurg^ this fine, scholarly clinician’s 
summing up of his hematological wisdom in 


the 23 chapters of this worth while book. 
Particularly valuable are the splendid para- 
graphs of history which introduce each major 
topic. For these as well as for the generally ex- 
cellent, wise, authoritative clinical discussions 
of all important hematological subjects, the 
book is cordially recommended to students, 
practitioners, and specialists in the field. Al- 
though space-consuming, the duplication of 
bibliographic references, at the bottom of the 
pages as well as at the end of the book, is 
an innovation which is helpful and useful. 

T. F-H., Jr. 


Pathology. Edited by W. A. D. Anderson, 
M.A., M.D., F.A.C.P., Professor of Pathol- 
ogy and Bacteriology, Marquette Univ. 
School of Medicine. Pp. 1453; 1183 ills., 10 
color plates. St. Louis: C. V. Mosby, 1948. 
Price, $15.00. 

This book is one of the most outstanding 
single texts on pathology which has been pub- 
lished in recent years. While the subjects of 
the chapters run the usual gamut of general 
'and special pathology, often fine detail and 
recent research advances are included with the 
general information. The chapters are pre- 
sented by different authors, many of them 
being leading investigators in their field, and 
consequently the text has more authority and 
fewer mistsikes than most textbooks of path- 
ology. The inde.x is not complete, as occas- 
ional references are omitted. The book is re- 
plete with excellent illustrations. With the 
enormous amount of information contained 
within the 1400 odd pages, this text may be 
used with profit either for reference or for 
student teaching. I. Z. 


The Practice of Endocrinology. By Ray- 
mond Greene, M.A., D.M., and 6 collabo- 
rators. Pp. 368; 53 ills. London: Eyre & 
Spottiswoode, 1948. Price, $10.60. 

This book, planned for the general prac- 
titioner, essays to encompass the entire field 
of endocrinology in 10 chapters, with chief 
attention to diagnosis and treatment and little 
emphasis on physiology and pathology. As is 
usual, considerable variation in style and qual- 
ity results from the collaborative effort. Though 
completed in 1946, the book’s appearance was 
so delayed that a number of important recent 
advances are not included. 

Some of the terminology xviil be a little 
strange to American readers. A number of 
subjects are either ignored completely or 
treated inadequately (e.g. hypogonadism in 
the male, ovarian deficiency with dwarfism, 
the relation .of the parathyroids to renal dis- 
ease, toxic nodular goiter, malignant tumors 
of the thyToid, the use of radioactive iodine). 
This book is not a major contribution to 
endocrinology, but may be a useful guide for 
the general praclilloner. E. R. 
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Essentials of Pathology. By Lawrence W. 

Smith, M.D., and Edwin S. Gault, M.D., 

Temple Univ. School of Medicine. 3d ed. 

Pp. 764; 740 ills., many in color. Phila.: 

Blakiston, 1948. Price, $12.00. 

In this standard te.xtbook, first published in 
1938, the gerieral method of presentation has 
not been changed but numerous improvements 
have been made. The te.xt has been com- 
pletely reset, revised, and augmented. Reduc- 
tion of the page size and of the number of 
pages has made the book much lighter and 
easier to handle. Space has been saved by 
condensing the case histories and eliminating 
blank spaces intended for students’ notes. The 
high quality of the illustrations has been 
maintained by the addition of 61 new figures. 
As a text for students it can be well recom- 
mended. W, S. 


The Clinical Apprentice: A Guide for 
Students of Medicine. By John M. Naish, 
M.D., M.R.G.P., and John Apley, M.D., 
M.R.C.P., Bristol Univ, Pp. 200; 71 ills. 
Balt.: Williams & Wilkins, 1948. Price, 
$4.50. 

Delightfully written in that inimitable Eng- 
lish style, this small volume on physical ex- 
amination and diagnosis should be required 
reading for all medical students. The material 
is succinctly and interestingly presented. The 
first section is concerned with the “leisurely 
examination”, the second with the unconscious 
patient. Emphasis is placed upon the proper 
technics of examination. The book merits our 
unqualified approval. The price seems high 
and may restrict its widespread use. G. R. 

Experimental Immunochemistry. By Elvin 
A. Karat, Ph.D., Columbia Univ., and 
Manfred M. Mayer, PJi.D., Johns Hopkins 
Univ., with a foreword by Michael Hei- 
DELDERCER. Pp. 567; 86 ills. Springfield, 
111.: Charles C Thomas, 1948, Price, $8.73. 
Investigators and technicians working in 
the fields of immunology, allergy, biochem- 
istry, and medicolegal procedures will be well- 
served by this book on laboratory technics. 
The emphasis here is on the methods of 
quantitative measurements dealing with anti- 
gens and antibodies primarily. Relatively few 
theoretical considerations are presented unless 
they apply directly to the methods of meas- 
urement. Kabat and Mayor have utilized an 
extensive literature in the field to illustrate 
the handling of experimentally obtained re- 
sults with tables and graphs of data. The text 
is well-written by authors who have had an 
extensive experience investigating immuno- 
chemical procc.sses. Technit's now in use for 
detecting Rh blood factors and antibodies 
have not been considered, but otherwise the 
.seo{>e of the book is bro.ul and thorough. 

■j. F. 


The Child in Health and Disease. By 
Clifford R. Grulee, M.D., Rush. Prof, of 
Pediatrics, Univ. of Illinois, and R. Canno.n 
Eley, M.D., Harvard Univ. Pp, 1066; il- 
lustrated. Balt.: Williams & Wilkins, 1948. 
Price, $12.00. 

This new textbook of pediatrics should 
immediately lake a proper place in the fore- 
front as one of tlie leading texts in the spe- 
cialty. As is the trend nowadays with “com- 
plete” presentations, a large group of col- 
laborating e.xperts rather than a single author 
or pair of authors have been responsible for 
the subject matter. Tlie almost innumerable 
subjects which come within the scope of 
pediatrics have been covered, including ado- 
lescence, surgical conditions, and growth and 
development; yet the allotments of space 
have been kept in proper proportion to the 
practical importance of the respective topics. 
The book can be recommended as an authori- 
tative and up to date text, of special interest 
to students, practitioners, and also as a desk 
reference. I. ^V. 


The 1947 Year Book of Pathology and 
Clinical Pathology. Edited by Howard 
T. Karsner, Prof, of Pathology, Western 
Reserve Univ., Herbert Z. Lund, and 
Arthur Hawley Sanford, Profs, of Clin- 
ical Pathology, Univ. of Minnesota. Pp. 558; 
102 ills. Cliicago: Year Book Publishers, 
1948. Price, $3.75. 

The Year Book of PatJioJogy was a war 
casualty, this being the first volume since 
1941, with abstracts limited to articles pub- 
lished in 1947. In addition they have added 
valuable material by inviting leaders in a few 
active fields of researcli to submit concise 
reviews. 

The book is divided into 2 major parts, 
general and special patliology 312 pages, and 
clinical pathology 224 pages. The articles to 
be abstracted were u’ell chosen but not in- 
frequently the abstracts fail to give a clc.ir 
idea of the contents of the original article. 
Even so the main purpose of tlie book is 
accomplished if it calls the readers’ attention 
to articles they may ivisli to read in tlie orig- 
inal. For this purpose it can be recommended. 

W. S. 

.NEW BOOKS 

Hijdrops can^ciiitus tinivcrsnlis heiiu Ktinin- 
chen, cine crblichc fctalc Enjthrahlastasc. 
Bv Hans X.xchtsiikim und Hans Klein. 
Abhandl. d. dent. .\kad. d. Wiss. zu Berlin. 
Pp. 71: 25 ills. Berlin: .Akademie-\'erl.ig, 
191S. Price, 7.50 D.M. 

Cornel Conferences on Therapy. A'ol, 3. 
Edjted by H.vuhy Cold, M.D.. ci el. Pp. 
•SS.'. New lork; The .Nlaemillan Comnanv, 
1918. Price, SS.-aO 
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a grossly inaccurate discussion of the dangers of 
escessive absorption of carbon dioxide by closed 
system methods of anesthesia. Coramme is recom- 
mended as the “one analeptic which far surpasses 
vill others in effectiveness,” a statement that would 
find but little support. The book cannot be recom- 
mended. R. D. 

Studies in Analytical Psychology. By Gerhard 
Adleh, Ph.D., Fellow of the British Psy- 
chological Society. Pp. 250; 19 ills. New 
York: W. W. Norton, 1948. Price, $4.00. 

This book is chiefly an exposition of the psy- 
chologic concepts of G. G. Jung. It contains 6 
papers which describe such things as Uie differences 
between Jung’s analytical psychology and Freud’s 
psychoanalysis, methods of procedure, the concep- 
tion of the collective unconscious and archetypes, 
the ego and the life-cycle, tire point of view of 
analytic psychology to religion, and Jung’s con- 
tribution to modern consciousness. The book will 
be of interest to people who are thoroughly familiar 
with tire field of psychiatry as an exposition of 
certain controversial ideas, theories and techniques. 
Even if the school of thought which is presented 
does not meet with universal agreement, the book 
IS worth reading. W. P. 

t 

J’/te Management of Binocular Imbalance. By 
Emanuel Krimsky, M.D., Adjunct Prof, of 
Ophthalmology, New York Polyclinic Medi- 
cal School. Pp. 464; 200 ills. Phila.; Lea & 
Febiger, 1948, Price, $12.50. 

The author deals with such problems as: “I.) 
The meaning of binocular cooperation m all visual 
or accommodative ranges as well as for selective 
directions of gaze. 2.) The examination of binocu- 
lar status in an objective or purposeful manner 
3.) Wheu to interpret binocular coordination as 
normal oi flexible ... 4.) How binocular im- 
balance can affect visual function ... 5.) The 
significance of symptoraless , . . binocular im- 
b.alance. 6.) How to treat . . . when die eyes 
appear straight, 7.) When cross-eye is apparent, 
how shall wc evaluate it from the standpoint of 
the need of iiossible . . . therapy? 8.) When shall 
we iirescribe prisms? 9.) When shall we resort to 
medical or surgical treatment'’ 10.) What are the 
merits of binocular training?” (Author’s preface.) 

Psychiatry in General Practice. By Melvin W. 
Thouneh, M.D., D.Sc., Asst. Prof, of Neu- 
rology, Graduate School of Med., Univ. of 
Penna. Pp. 659. Phila.: W. B. Saunders. 
1918. Price, $8.00. 

Tut author, believing that “most preventixe 
psycliiatrv hts in the hands of the general practi- 
tioner”, has written (Ins book as “.in attempt to 
lift iisycbi.itry out of the realm of terra mcognif.i 
for those wiiosc prim iry efforts are spent in other 
fiiUK.” The book has gooil pomts, but suffers m 
coiupansim with " reaching PsycliolbcrapcHtic 
nudicme” (the excellent report of a joint effort 
sponsored by the Coinmonwe.alth Fund to te'ach 
pr.ielic.ll ps)ehi.ilry to gcncr.il practitioners). Many 
else present.itimis are include el which arc often 
written m .i short-story tyiie of stsle*. Tlurc ap- 
pe.irs to lie more praelie.d mforuuition m the 
steluin on nielboils th.in in other sections of the 
beiok. Some imiwrt.int subjects .ire inaJecjii iteb 
diseussid- for ex.imjih*, the miport.uice eif the 
ihxtor-p ituiit rcl itionslnj) in tlurips. The quts- 
lion of suienlc, tlion.tb meiitiomd in seiir.i! case- 
hislorii-. is not ceJiisuhred adequitcls. (For com- 
pmson ste Maurice leitiu- "I’sseluitlit r.ips in 
.Misbe il IV.ietice", Maemilkm, 1912.) W. P. 


The Commonsense Psychiatry of Dr. Adolf 
Meyer. Edited, with Biographic Narrative, 
by Alfred Lief. Pp. 677. New York: Mc- 
Graw-Hill, 1948. Price, $6.50. 

Mn Liep, author of several biograjihies, has 
skillfully assembled and edited 53 reports, journal 
articles, and addresses of Dr. Adolf Meyer, the 
eminent psychiatrist. Biographical chapters are 
interspersed between some of die sections which 
contain Dr. Meyer’s writings. The book is m no 
sense a text hook of psichtatry. It is, rather, a 
presentation of the life, thoughts, speeches, writ- 
ings, and philosophy of America’s most outstanding 
psycluatrist. In view of the tremendous influence 
which he has had on psychiatry, and in view of 
the relative inaccosstbihty of most of his writings, 
this book IS a valuable contribution. The whole 
medical profession, but especially that portion oi 
it which IS in the field of Psychiatry, owes a real 
debt of giatitude to Mr Lief. W. P. 

Pediatric Anesthesia. By M. Dicby Leigh, 
M D., and M. Kathleen Belton, M.D., 
Vancouver General Hospital, Canada. Pp. 
240, 84 ills. New York. Tbe .Macmillan 
Company, 1948. Price, $5.50. 

This is the first monograph to appear on this 
important subject. The foremost achievement of 
the authors is to indicate the wide variety of 
methods of anesthesia that can be used m children. 
To a reader familiar with pediatric anesthesia, tlic 
book may he a disappointment, as a relatively in- 
significant portion of the text concerns itself with 
discussions of the great number of perplexing 
problems of child anesthesia. Tcchnic is em- 
phasized almost to the exclusion of theory. How- 
ever, considered as a book on ttclmic, it will he 
.1 valuable addition to the library of the anesthetist 
who occasionally does pediatric anesthesia. 

J.E. 

Synopsis of Psychosomatic Diagnosis and 
Treatment. By Flanderj) Dunbar, M.D., 
et. al. Pp. 501; 12 ills. St. Louis: C. V. 
Mosby, 1948. Price, $6.50. 

Tins book will be of interest and practical use 
to general practitioners and students of medicine 
as well as to tbe specialist in the "functional” 
(emotional) aspects of disease. It is well organized 
and contains m summary form a reflection of the 
most important studies and findings m the field 
It also includes a useful list of references. 

W. P. 

NEW EDITIONS 

Discuses of the Ear, Nose, and Throat. By 
DoUCL.tS G. C.VRRUTHEUb, M.B„ Ch..M. 
(Sidney), F.R.A.C.S. 2d cd. Pp. -344; 140 
ilL. Williams ek Wilkins, 1918. Price, 

$7.00. 

A Synopsis of Physiology. B> .V Rendle 
Short, Late Prof, of Sur-ierv, Univ. of 
Bristol, C. L. G. Piivrr, Fellow of Christ’s 
College, C.imbridge, and C. C. .\'. Vvss, 
Reader in PliisioloL'v, Uim. of Lonrlon. -Rh 
ed. Pp. 3 56. 23 figs. Balt.: Wilii .iins Cv 
Wilkins, loss. Pnee, $6.00, 

tlealthful Lhtng. By Hmiold S. Diehi.. .M..\ , 
M.D.. Sc.D.. Prof, of Preitnliie* Nfediciiie* 
.uid Public Health, .ind Dean of the .Med- 
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ical Sciences, Univ. of Minnesota. Sd ed. 
Pp. 595; 46 figs. New York: Whittlesey 
House Health Series. McGraw-Hill, 1949. 
Price, $4.50. 

“In this book he offers a simple guide on the 
subject of health for all who are interested in. getting 
the most out of the body with which they began 
life, in avoiding the snares for the unwary, and m 
developing for the future a race of men and women 
capable of carrying on the tradition of healthfulness/' 
(Dr. Fishbem’s foreword.) 

Introduction to Organic and Biological Chem- 
istry. By L. Earle Ahnow, Ph.D., M.D., 
and Henry C. Reitz, Ph.D, 2d ed. Pp. 795, 


90 ills. St. Louis; C. V. Mosby, 1949. Price, 
§5.75. 

With the advances achieved in this field m the 
6 years that have passed since the 1st edition, it i** 
not surprising that a radical revision has had to be 
performed— whole new sections added, and changes 
and expansions of many others. 

Common Skin Diseases. By A. C. Roxburgh. 
8th ed. Pp. 497; 212 ills., 8 in color. Phila.: 
Blakiston, 1948. Price, $7.00. 

This text continues the good features of the earlier 
editions with much added new material, well docu- 
mented usually by British references. The chapter on 
varicose vems, eczema and ulcer has been rewritten. 
A text with 8 editions m 16 years speals for itself. 

H. B. 
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Howard P. Steiger, M.D. 
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(From the Institute for the Study of Venereal Disease, the Department of Dermatology and 
Syphilology, and the Robinette Foundation of the University of Pennsylvania) 

There have been only a few reports experienced untoward reactions while 
in the literature on the effect of penicil- under penicillin therapy. One of the 
lin in a significantly large number of patients developed severe attacks of 
patients with late cardiovascular syph- angina and ventricular extrasystoles 
ilis. An important reason for this is the soon after treatment was started. The 
fact that many clinicians have been second experienced intermittent sub- 
reluctant to use so potent a spirocheti- stenial pain after 700,000 units of pen- 
cidal agent in patients with syphilitic icillin. Callaway and his group- re- 
heart disease because of the fear of ported as a possible illustration of 
inducing a serious Her.xheimer reaction therapeutic parado.x, a patient who suf- 
and also because of the possibility of fered the rupture of an aortic cusp sev- 
too rapid healing resulting in the so- era! weeks after completion of penicil- 
called therapeutic paradox. This is a lin therapy. 

carry-over from the pre-penicillin days Moore, in his recent monograph," 
when it was the rule in most clinics to reported on 12 cases of active cardio- 
prepare all patients with cardiovascular vascular syphilis which had been treat- 
syphilis with a preliminary course of ed with penicillin at the Johns Hop- 
bismuth or mercury before administer- kins Hospital. These patients had aortic 
ing the more potent arsenicals. regurgitation, aneurysm, or syphilitic 

Rather early in the penicillin era aortitis with coronary osteal stenosis 
Dolkart and Schwemlein^ described 2 and angina of effort. Six of the patients 
patients with aortic regurgitation who also had neurosyphilis. In each case 

° Pn-M'nlcil .»t S>mi>(>M’um lielcl iiiiclt.'r th*' .Iiimm’ccs of the S>iihilis Studv Sfction. Division of Rcsvirili 
Grants and Follo\vship>, Nation.il lu’.titnto of HimUIi. U. S. I'lihiic Hv.tlth Scrvicf, Wavliinaton, D. C.. .\pril S-9. 
lOIS. 

The work tK-jcribed in tliis paper wa> aided by a yrant from the National Institute of Health. 

With collaboration of John H. Stokes, M.D., Edwin N. Hesbacher, M.D., Ccorjte D. Gammon, M.D., Herman 
lU'ennan, M.D.. Nonn.rn U. Inyrab.im, Jr.. M.D. .md John W. Lent^ .M.D.. .md tlie technical .rs,ista.ncc of 
Verna Maser Stein, Emily St.mn.ird, J.ine Barlmra T.i>lor. R.N., and Mildred K. Wills, R..\'. 

( 17 .- 1 ) 
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penicillin was started in very small dos- 
age and then gradually increased over 
a period of days in an effort to avoid 
a Herxheimer reaction. There was one 
possible instance of therapeutic shock 
in this series of cases. This was in a 
patient who died on the fourth day of 
combined fever (malaria) and penicil- 
lin therapy. The autopsy revealed mul- 
tiple plaques of syphilitic aortitis with 
fresh hemorrhages. The period of post- 
treatment observation in Moore’s cases 
was too short to report on the thera- 
peutic effect. One of the patients with 
a large aneurysm of the thoracic aorta 
died of rupture of the aneurysm 6 
months after completion of treatment. 

There is some doubt now that reduc- 
ing the initial penicillin dosages actu- 
ally prevents the occurrence of Herx- 
heimer reactions since they have been 
observed following small doses. Olan- 
sky® recently reported on 6 patients 
(4 infectious syphilis and 2 late syph- 
ilis) in each of whom initial injections 
of 1,000 Oxford units of penicillin pro- 
duced a febrile Herxheimer reaction. 
Incidentally, in this report Olansky re- 
iterates the belief that penicillin even 
in small doses should not be adminis- 
tered to patients with late or compli- 
cated syphilis until a course of bismuth 
has been given. Stokes and Steiger^* 
found that a reduction of the initial 
dosage to 500 units in early infectious 
syphilis was not sufficient to prevent 
Herxheimer reactions. 

Russek and his co-workers*® treated 
15 patients with syphilitic aortitis, in- 
cluding 4 cases of aortic aneurysm, 
with relatively large doses of penicillin 
— 10,000 units every 2 hours for 85 
doses. Their paper deals principally 
with the incidence of reactions; the fol- 
low-up period of 1 to 3 months was too 
short to evaluate the efficacy of the 
t;eatment. Only 1 patient suffered an 
untoward reaction which might have 
been attributed to penicillin— relatively 
mild substemal pain which disappeared 


despite continuance of penicillin. In 4 
patients it was felt that there was defi- 
nite improvement in coronary reserve 
manifested by decrease of substemal 
pain on e.xertion. Electrocardiographic 
improvement did not occur. These 
workers conclude, on the basis of these 
observations, that the risk of untoward 
reactions from penicillin in cardiovas- 
cular syphilis is small. They also main- 
tain that the small risk entailed may 
be justified by the therapeutic results 
obtained. 

Tucker and Farmer*® have recently 
reviewed 34 cases of cardiovascular 
syphihs which were treated with pen- 
icillin; 25 had aortic insufficiency and 
9 had saccular (thoracic) aortic aneu- 
rysms. These patients were started on 
treatment with dosages ranging from 
500 to 100,000 Oxford units every 3 
hours. The total dosages varied from 2 
million to 15 million Oxford units. Five 
of the patients experienced febrile re- 
actions early in the course of treatment 
(one of these after an initial dose of 
only 500 units), and 2 patients who had 
been having anginal attacks continued 
to have them during and following the 
administration of penicillin. In no case 
was it felt necessary to interrupt the 
penicillin therapy. The authors postu- 
late that the febrile reactions which oc- 
curred in their cases may have been 
related to the concomitant neurosyph- 
ilis which each of these patients had. 
They conclude: ‘The absence of re- 
ported severe reactions proved to be 
due to treatment with penicillin tends 
to confirm our impressions that the 
dangers of severe untoward reactions 
may have been unduly emphasized." 

Method of Study. This report is based on 
a study of 50 patients with cardiovascular' 
svphilis who were admitted to the Institute 
for the Study of Venereal Disease between 
19-13 and 1948 (Table 1.) 

In the beginning cardiac studies included 
a physical examination, orthodiagram, and a 
pre-penicillin electrocardiogram. Later, when 
it w.as found that in patients with early in- 
fectious syphilis there were electrocardio- 
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graphic abnormalities which showed changes 
during penicillin therapy, it was decided to 
have the records repeated at approximately 
3 day intervals during the course of treat- 
ment to determine if changes also occur in 
late cardiovascular syphilis. Six patients in 
congestive failure were under digitalis during 
the course of penicillin therapy; this was con- 
sidered in interpreting their electrocardio- 
grams. 

Forty of the 50 patients had received 
metal chemotherapy previously. However, 
most of them had received no antisyphilitic 
treatment for several years and only 4 pa- 
tients in the entire group had had any treat- 
ment within a period of 3 months prior to 
the administration of penicillin. 


some 15 of the patients were started witli 
doses of 40,000 to 80,000 O.xford units every 
2 hours. 

Results. Aortitis. There were 23 pa- 
tients with uncomplicated syphilitic 
aortitis. We are cognizant of the fact 
that the clinical diagnosis of uncompli- 
cated syphilitic aortitis is often a very 
difficult one, especially in the presence 
of hypertension and, or, arterioscle- 
rosis. However, only those patients in 
whom the evidence for aortitis (espe- 
cially fluoroscopic) was marked were 
included in the study. 


TABLE l.-DATA PERTAINING TO 50 PATIENTS WITH CARDIOVASCULAR 

SYPHILIS 


Treat- 

No. of patients ment 


No. 


Sex 


Race 

Ht. 

enlarge 

or 

Car- 

diac 

symp' Ttl. 

on whom ECG were made 
Before During 

Abnor- ECG After® 

mal Ttl. Chan- Ttl. 

Thera- 
peutic 
shock 
( Herx- 

stop- 
ped be- 
cause of 
symp- 

Cases 

Age 

M I 


W N 

hypert. 

toms No. 

ECG 

No. 

ges 

No. 

heimer ) 

toms 

Aortitis 23 

26 to 
69 

15 

8 

13 10 

9 

2 23 

6(a) 

11 

3 

16 

4(b) 

0 

Aortic 

insuff. 20 

38 to 
68 

19 

1 

12 8 

18 

8(c)20 

11 

13 

2 

13 

3(d) 

0 

Aneurysm 5 

Aneurysm 
& aortic 

47 to 
67 

4 

1 

2 3 

3 

2 5 

1(e) 

2 

1 

4 

l?(f) 

0 

insuff. 2 

(a) Probable 

43 to 2 0 

69 

ancient iiostcrior 

1 1 0 2(g) 2 

infarction in one. 

1 

2 

2 

1 

l?(h) 

0 


(b) All febrile. 

(c) Marked congestive f.ailiire in five. 

( d ) All febrile. 

(e) History of posterior infarction in one. 

(f) Prccordial constriction on third day of treatment. 

(g) Congestive failure in one. 

(h) Had recurrent attack of cardiac asthma on third day. 

“ ECO changes not listed as they are still being followed up. 


All of the patients were given sodium peni- 
cillin in aqueous solution on a round-the- 
clock schedule. In the early days the crude 
amorphous substance was used and, when 
it became available, crystalline penicillin-G. 
The total penicillin dosages ranged from 
1,200,000 to 9,600,000 Oxford units. At first, 
all patients with cardiovascular syphilis were 
-started on small doses (500 to 5,000 units 
every three hours for the first 24 to 48 hours) 
and gradually incre.ised over a period of sev- 
eral days until a dose of 40,000 to 80,000 
Oxford units every’ 2 or 3 hours was reached. 
Later, when it was found that reducing the 
initial dosage did not necessarily' prevent 
the occurrence of a Herxheiiner reaction®Ai 


These patients ranged in age from 
26 years to 69 years. The sex and race 
distribution were as follows: 10 white 
males, 3 white females, 5 Negro males, 
and 5 Ne^ro females. Eighteen of the 
patients also had central nervous sys- 
tem syphilis, 1 had a gumma of the lip, 
and 1 had diabetes mellitus. At the 
time penicillin treatment was instituted 
21 of the 23 patients had positive blood 
serologic tests for syphilis. 

The initial penicillin doses ranged 
from 500 to 80,000 units and the total 
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dosages from 1,200,000 to 9,600,000 
Oxford units. 

Only 2 of the 23 patients had ex- 
perienced cardiac symptoms prior to 
penicillin therapy;^ they had complained 
of paroxysmal dyspnea. Eight were 
found to have slight cardiac enlarge- 
ment and 1 moderate enlargement. 


dents completed the prescribed course 
without further untoward reactions. 

SLx of the group with simple aortitis 
had electrocardiographic changes be- 
fore penicillin. Five showed abnormal 
T waves in the limb and chest leads. 
In 1 patient the T waves in Lead I and 
II, CR4 and CR5 were inverted; in 2 



FIGURE l.-COLORED MAN, AGE 38. WITH DEFINITE EVIDENCE OF AORTITIS. 

A. Record made 4-23-47, before penicillin, 

B. 4-26-17 after approximately 1.5 million units of penicillin. 

C. 4-29-47 after 4.2 million units of penicillin. An electrocardiogram on 5-2-47 was similar 
to C. 

D. 1-S-4S Eight months after peniciliin. An ECC on 4-3-4S was similar to D. 

Four patients e.xperienced transient patients the T waves were flat in Lead 
temperature rises within 24 hours after I, inverted in II and III and abnormal 
penicillin therapy was started. These in CIL and CR.-,; in the fourth the T 
were inteqireted as evidence of Herx- waves were inverted in II and III, di- 
heimer reactions. However, in no case phasic in CR2.3.4 and flat in CRj; in the 
wa.s treatment interrupted and all pa- remaining case there were flat T waves 
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in Leads I and CR5. The sixth abnormal 
electrocardiogram had deep Q waves 
in Leads II and III, which suggested 
a healed posterior infarction. In 3 of 
the 5 cases showing pre-penicillhi T 
wave changes, electrocardiograms were 
made during treatment; 2 showed tem- 
porary improvement in T waves, but 
later retrogressed to the pre-penicillin 
state. The other patient had marked T 
wave changes before treatment, im- 
proved considerably during treatment 
and continued to show improvement 1 
year later (Fig. 1). One patient in 
whom pre-penicillin electrocardiograms 
were abnormal (T wave changes) had 
a normal tracing 4 months after com- 
pletion of treatment. Unfortunately, 
electrocardiograms were not made dur- 
ing treatment. 

One patient developed angina pec- 
toris, with concomitant electrocardio- 
graphic changes ten months after pen- 
icillin. 

Aortic Insufficiency. There were 
20 patients with aortic insufficiency 
ranging in age from 39 to 66 years. 
The sex and race disti-ibution were as 
follows: 11 white males, 8 Negro males, 
1 white female. Eighteen also had cen- 
tral nervous system syphilis. All had 
positive blood serologic tests for syph- 
ilis. 

Although it has been known that 
aortitis and its complications are more 
common in males, the ratio of 19 males 
to 1 female in our series is unusually 
high. This is not the result of selection, 
but actually represents ail the individ- 
uals with aortic regurgitation who came 
under our observation. 

The initial and total penicillin dos- 
ages were the same as those used in 
uncomplicated aortitis. 

I Only 3 patients in this group experi- 
I enced temperature elevations (all 
within the first 16 hours) after treat- 
ment was started, and all completed 
the prescribed course of therapv. 

Eight of the patients liad experienced 


cardiac symptoms pi'ior to penicillin 
therapy. Three had dyspnea on exer- 
tion, and angina pectoris; 1 had an old 
coronary occlusion. Five of the patients 
were in congestive failure and required 
bed rest, digitalis, ammonium chloride, 
and mercurial diuretics. It is of interest 
tliat each of these individuals was 
given penicillin concomitantly with the 
measures to correct cardiac decompen- 
sation and all of them left the liospital 
in an improved condition. Although 
this is admittedly too small a group 
upon which to base definite conclu- 
sions, it suggests that penicillin treat- 
ment of cardiovascular syphilis need 
not be delayed because of cardiac de- 
compensation. 

Eighteen of the 20 patients had en- 
larged hearts. In the 2 whose cardiac 
silhouettes were within normal limits 
of size the configuration suggested left 
ventricular hypertrophy. 

In the group of 20 cases of aortic 
regurgitation, 10 showed significant T 
wave inversions and 2 had bundle 
branch block before treatment. Inci- 
dentally, 1 of the patients with inverted 
T waves also had auricular fibrillation; 
the only important arrhythmia noted 
in the entire group of 30 cases. In 4 
instances Ti and the T waves of CR-, 
were inverted or diphasic; in 4, To was 
also diphasic or inverted and in 2 the 
T waves of all limb leads were inverted. 
Of the cases with bundle branch block, 

I had right bundle branch block (with 
wide S waves), the T waves in Leads 

II and III were in\'erted and the T 
waves in Leads CR.i, CRj, and CR,-. were 
diphasic. The other showed left bundle 
branch block of the discordant type. 
One of the patients with T wa\ e changes 
showed slight electrocardiographic im- 
provement during treatment; subse- 
quently liowever, the T wa\e changes 
became more marked. Another jjatient 
who had slight electrocardiogniphie 
changes before treatment developed 
inverted T waves in Leads L If, and 
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tion by sex and race was as follows: 
2 white males, 2 Negro males, and 1 
Negro female. One patient in the group 
had central nervous system syphilis. 
All had positive blood serologic tests 
for syphilis. 

The initial penicillin dosages ranged 
from 500 to 80,000 Oxford units and 
the total dosages from 3,600,000 to 9,- 
600,000 units. 

None of the patients experienced a 
febrile reaction during treatment. A 54 
year old Negro female complained of 
slight precordial constriction for sev- 
eral hours on the third day of treat- 
ment. According to her history she had 
experienced no cardiac symptoms prior 
to the administration of penicillin. She 
completed the course of treatment with- 
out interruption of the schedule. 

Three of the 5 patients with aneu- 
rysms had enlarged hearts. One patient 
in the group, who also had hyperten- 
sion, showed an abnonnal electrocar- 
diogram in which there were inverted 
T waves in Leads II and III and flat T 
waves in CR.t. These changes became 
more marked during treatment and 
have remained so on follow-up, but 
they were probably in part due to 
digitalis. 

Aortic Aneurysm and Aortic Re- 
gurgitation. There were 2 patients 
with both aortic aneurysm and aortic 
insufficiency. One was a 43 year old 
white male, the other a 69 year old 
Negro male. The former also had cen- 
tral nervous system syphilis with a Type 
III spinal fluid. Both had positive blood 
tests. 

The older man was admitted to the 
hospital in marked cardiac failure. 
There was no definite history of pre- 
x'ious antisyphilitic treatment. His fail- 
ure had been progressive over a period 
of about 4 years. Penicillin was started 
in small doses (500 units) on a 2 hour 
schedule. He had no untoward reac- 
tions until the third day of treatment, 
when maximum dosage was reached 


(40,000 units every 2 hours). He then 
experienced an attack of severe sub- 
sternal oppression and dyspnea similar 
to those he had on frequent occasions 
before treatment. Penicillin dosage was 
reduced from 40,000 to 10,000 O.xford 
units every 2 hours for the next 48 
hours and then increased again to 40,- 
000 units every 2 hours; the patient 
completed a course of 4,800,000 Oxford 
units without further untoward reac- 
tions. His pre-treatment electrocardio- 
gram revealed flat T waves in the limb 
leads and slight inversion in CR:t,i,r,. 
There was slight improvement in the 
electrocardiograms made on the third 
and thirteenth days of treatment. On 
follow-up 4 months after treatment he 
felt much improved and had experi- 
enced only 2 slight attacks of dyspnea. 
E.xamination disclosed no signs of con- 
gestive failure. 

The other patient had experienced 
dyspnea on exertion and precordial 
pain before treatment. He denied hav- 
ing received previous antisyphilitic 
therapy. Examination* revealed aortic 
systolic and diastolic murmurs, dilata- 
tion of the ascending aorta evident on 
percussion and confirmed by orthodia- 
gram. He was given a total of 2.4 mil- 
lion units of penicillin starting with 
.5,000 units every 3 hours and reaching 
a maximum dosage of 40,000 units 
every 3 hours after 36 hours. The pre- 
penicillin electrocardiogram was nor- 
mal. There were no untoward reac- 
tions to treatment. He was re-treated 
6 months later and this time received 
2.4 million units of penicillin starting 
with the maximum dose of 40,000 units 
ever)' 3 hours. An electrocardiogram 
made the day treatment was begun, 
showed slight T wave changes. On the 
second day the electrocardiogram 
showed inversion of Tj and T-^ and 
slurring of the QRS complexes; bv the 
fifth day the inversion was onlv slight; 
and on the last dav the electrocardio- 
gram was normal. Electrocardiograms 
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4Mi and 6‘A months later were also 
normal. 

Comment. In no instance did we find 
it necessary completely to interrupt 
treatment because of untoward reac- 
tions. One patient who had an aneu- 
rysm and aortic regurgitation suffered 
an attack of cardiac asthma during 
treatment, but he had experienced sim- 
ilar attacks before penicillin. Another 
patient with aortic aneurysm developed 
slight precordial constriction on the 
third day of treatment, but the symp- 
toms were not entirely typical of angina 
pectoris. 

The lack of untoward symptoms in 
patients with severe myocardial lesions 
is most noteworthy. Two patients with 
probable ancient posterior infarctions 
experienced no untoward reaction to 
penicillin dierapy. Five patients with 
aortic regurgitation and one with aortic 
regurgitation and aneurysm who were 
in marked cardiac failure were treated 
with penicillin at the same time meas- 
ures were taken to combat congestive 
failure; not only did they tolerate botlr 
treatments very well, but all were 
markedly improved on discharge. This 
is contrary to the accepted belief that 
patients with cardiovascular sj'philis in 
cardiac failure do not tolerate potent 
spirocheticidal drugs. 

In the pre-penicillin era both cardi- 
ologists and syphilologists were of the 
opinion that antisyphilitic treatment 
should be postponed in cases of con- 
gestise failure until compensation was 
restored. Although this is too small a 
group on which to base definite con- 
clusions, our observations suggest that 
congestive failure in syphilitic heart 
disease may not be a contraindication 
to immediate penicillin tlrerapy. 

\o clear-cut case of therapeutic 
paradox was obsers ed in this series of 
p.itients. As stated previously, the fear 
of this phenomenon has influenced 
clinicians to treat cardiovascular syph- 
ilis r erj' c.iutiously. In the era of metal 


chemotherapy full doses of arsenicals 
were often never given. One might 
raise the question whether this did not 
result in too little treatment. It is most 
difficult to evaluate symptoms in a con- 
dition where tlie pathologic changes 
are such that untoward symptoms are 
prone to occur with or without treat- 
ment. Arteriosclerosis is not infrequent 
in individuals with syphilitic aortitis. 
It is conceivable that coronary occlu- 
sion occurring during the course of 
antisyphilitic treatment is not due to 
the so-called therapeutic parado.x, but 
sclerotic coronary vessel or ostium, 
to the coincident closure of an arterio- 
Sudden death in syphilitic aortitis and 
spontaneous rupture of an aneurysm 
cannot be considered unusual with or 
without treatment Therefore, the ap- 
pearance of severe symptoms during 
treatment does not per se indict the 
treatment as the cause. 

It is well known that T wave changes 
may be due to numerous factors other 
than heart disease, but to the best of 
our knowledge, with the exception of 
digitalis in the decompensated cases, 
such factors were not operative during 
this study. The effects of digitalis were 
considered in the interpretation of the 
electrocardiograms. T wave and RS-T 
segment changes may occur in a small 
percentage of normal young individuals. 
In 3107 such cases^-'’-^ only 15 (0.5%) 
showed T wave changes in Lead II, 
and in none was the T wave in Lead I 
inverted. In Wood, Wolferth and Mill- 
er’s^^ studies of an older age group in- 
verted T waves in Leads I and II were 
associated with cardiovascular disease 
in all cases followed. In our group of 
50 patients only 7 (14%) were under 
the age of forty. 

Although a fairly large percentage 
(30%) of our cases showed electro- 
cardiographic abnonnalities either be- 
fore, during, or after treatment with 
penicillin, one cannot conclude that 
they %vere all directly or solely due to 
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the syphilitic infection. Arteriosclerosis 
undoubtedly was present in many pa- 
tients in the upper age groups, and in 
others, especially those with aortic re- 
gurgitation, the ECG abnormalities 
were in part at least of the type seen 
in left ventricular hypertrophy. Con- 
versely, the changes in the T waves 
which occurred as the result of treat- 
ment with penicillin cannot be con- 
strued as being due to alterations in 
the arteriosclerotic state or the left 
ventricular hypertrophy due to dam- 
aged aortic valves. Webster and Read- 
er^^ demonstrated at autopsy, active 
inflammation in the aortas of inade- 
quately treated patients with syphilitic 
aortitis. Hu, Lin, Chen, and Frazier'* 
reported the isolation of virulent Tre- 
ponema pallidum from the aortas of 
patients, dying from cardiovascular 
syphilis, 32 hours after death. In view 
of these findings, one may speculate 
that changes within actively involved 
tissue about the orifices of the coronary 
vessels may be responsible for elech'o- 
cardiographic abnormalities during and 
following treatment with such a potent 
spirocheticidal agent as penicillin. Be- 
cause of the great differences of opin- 
ion among pathologists^ as to the 
interpretation of myocardial scars and 
small cellular foci found at postmortem 
examination of patients with cardiovas- 
cular syphilis, it is impossible to form 
an opinion as to whether any of tire 
abnormalities are due to syphilitic in- 
voh'ement of the myocardium. The 
possibility that there may be changes 
in chemical constituents of the blood 
during penicillin therapy which mav 
cause T wave changes must also bl> 
considered, although we are not aware 
of any studies on this subject. 

There are clear indications that pen- 
icillin is of value in the treatment of 
syphilitic heart disease, especially in pa- 
tients where the pathologic process is 
not far advanced. However, it would 
be unwise to draw too sweeping or 


definite conclusions concerning indi- 
vidual items of beneficial effect at 
this writing. Prolonged observation of 
a larger group of cases is needed. The 
fact that the course of syphilitic heart 
disease is variable and often unpredict- 
able was borne out in a recent report 
by Reader and his associates.”'' 

We are continuing to re-examine the 
patients at intervals and intend to re- 
port their status at some future date. 

Summary. 1. Fifty patients with car- 
diovascular syphilis were treated with 
sodium penicillin in aqueous solution in 
total dosages ranging from 1.2 to 9.6 
million O.^ord units. Only 4 patients 
in the series had received metal chemo- 
therapy within a 3 month period prior 
to penicillin. There were 23 diagnosed 
uncomplicated aortitis, 20 with aortic 
insufficiency, 5 with aortic aneurysms, 
and 2 with both aneurysms and aortic 
insufficiency. 

2. There appeared to be no relation- 
ship between the amount of penicillin 
in the initial dose and the occurrence 
of a febrile Herxheimer reaction. 

3. More than half of the patients-'* 
had electrocardiograms at approxi- 
mately 3 day intervals during the 
course of treatment. Electrocardio- 
grapliic changes (significant T wave 
changes) were noted during the course 
of treatment in 8 patients. 

4. In no instance was it deemed 
necessary to discontinue penicillin be- 
cause of untoward reactions. 

5. The 6 patients who were in con- 
gestive failure were able to tolerate 
penicillin simultaneously with the meas- 
ures for counteracting cardiac decom- 
pensation. Thus, contrary to the here- 
tofore accepted practice of giving no 
potent spirocheticidal drug to decom- 
pensated cardiovascular syphilis pa- 
tients. it does not seem necessary to 
delay penicillin treatment until com- 
pensation is restored. 

6. There has been no unequi\ocal 
instance of “therapeutic parado.v” in 
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THERAPY OF SUBACUTE BACTERIAL ENDOCARDITIS 
A Report of 24 Cases Treated with Penicillin 

By E. H. Drake, M.D. 

ASSOCIATE PHYSICIAN 
AND 

Ralph M, Denham, M.D. 

ASSOCIATE PHYSICIAN 
DETROIT, MICHIGAN 

(From the Ciirdio-Respiratory Division, Department of Medicine, Henry Ford Hospital) 


The therapy of subacute bacterial 
endocarditis has always presented a 
challenge to the physician, and it is 
only since the introduction of penicillin 
that anything approaching encouraging 
mortality statistics has been achieved. 
In Table 1 the relative effectiveness of 
the various therapeutic methods that 
preceded the antibiotics is compared 
with penicillin. 

TABLE l.-RESULTS OF DRUG THERAPY OF 
SUBACUTE BACTERIAL ENDOCARDITIS 


Metliod Recoveries 

Spontaneous 1- 3 

Sulfonamides 0- 

Sulfonamides plus Fever 12. 1!?-’’ 

Sulfonamides plus Heparin 23.3%'* 

Massive I. V. Sulfadiazine 37.5%“ 

Penicillin 70-80 % 


Although the sulfonamides appreci- 
ably raised the incidence- of cures, their 
use entailed a high treatment fatality 
risk. Schein and Baehr,“ in their report 
of sulfadiazine therapy, listed a 6% 
mortality due to treatment. The use of 
heparin, thought to be warranted by 
some investigators as an adjunct to the 
sulfonamides by allowing increased 
penetration of the fibrin clot, is in itself 
not without danger from hemorrhagic 
complications. 

Twenty-four cases of subacute bac- 
terial endocarditis (including 2 of sub- 
acute bacterial endarteritis) ha\e been 
treated with penicillin at the Ilenrv 
Ford Hospital since 1944. Due to the 
scarcity of the drug during the early 
period, several of these cannot be 
thought to ha\e been treated ade- 
quately by present standards. A review 
of the literature on penicillin treatment 


in various clinics rev'eals considerable 
variation in daily dosage, method of 
administration, and duration of ther- 
apy. Only after a larger number of 
penicillin-treated cases have been re- 
ported and analyzed, can criteria for 
effective management be established. 

Age, Sex, and Cardiac Lesion. 
Twelve of our cases were males and 
11 were females. The distribution 
throughout the various age groupings 
is found in Table 2. Three cases under 
20 years of age had congenital cardiac 
lesions, 2 having patent ductus arteri- 
osus with superimposed infection and 
the third a patent interventricular sep- 
tum. The remaining 20 cases were of 
rheumatic etiology; 13 involving the 
mitral valve alone, 2 the aortic valve 
alone, and 5 combined involvement of 
both mitral and aortic valves. 


TABLE 2.-AGE DISTRIBUTIO.V 


.Vjiv Grouping 

10-19 
20-29 
30-39 
40-49 
50-59 
Over 60 


.Vi>. of Cuii’j 

4 

3 

6 

7 

0 

mi 

1 


At autopsy one case (No. 20, Table 
S) was found to have a bicuspid aortic 
valve, but this was taken to be due to 
erosion and secondary' separation of the 
valve attachments from the commis- 
sures rather than a congenital defect. 
Three of our cases manifested auricular 
fibrillation at the time of diagnosis ( in- 
cidence of 12.5rc). 

Table 3 shows the length of time 
that symptoms had been present before 

(4S5) 
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a definite diagnosis of subacute bacte- 
rial endocarditis was made. Because of 
its insidious onset and protean charac- 
ter, the disease frecjuently remains un- 
recognized for long periods and is often 
misdiagnosed during the early stages. 
The fiequency of presenting symptoms 
corresponded, in the main, with a pre- 
vious series reported from tliis hospital 
and with those fiom other clinics.*'’’^- 

fABLE 3 -DURATION OF SYMPrOMS PRIOR 
lO DIAGNOSIS 


Tiiik* No ofCisti 

Less tli.in 3 sveeks 3 

3 Weeks to 3 months 9 

4 montlis to 6 months 6 

7 months to 1 year 6 


Organisms and Sensitivity. (See 
Table 4). In 2 of our cases, both aero- 
bic and anerobic blood cultures were 
repeatedly negative. In both instances 
the history, clinical findings, and sub- 

rAULE 1 -BACTERIA FOUND AND 

Or^iniMii 

W’;; culture 
Strep ciridans 


\tiu-hi moKlie strep. 
Sl.iph aureus 
HiiuoKtic Staph, alhus 


oiganism was not inhibited by 50 units 
per cc. of penicillin but was inhibited 
by 20 units per cc. of streptomycin. 

Dosage, Duration of Therapy, and 
Mode of Administration. The total dos- 
age of penicillin varied from 1,800,000 
units to 194,000,000 units (average, 
26,900,000 units). The average daily 
dose was 800,000 units. Duration of 
therapy varied from 16 to 97 days 
(average, 34.5 days). The wide varia- 
tion in dosage and length of treatment 
was influenced partly by the response 
to tlierapy in each case and partly by 
the scarcity of penicillin during the 
early part of the series. 

Various routes of administration, 
with the exception of the oral, were 
used (see Table 5), and in many in- 
stances 2 or more routes were tried in 
the same patient. In many cases the 

lElR SENSITIVITY' TO PENICILLIN 



Sensitivity to 

FcniciUin 

Cases 

2 

Units/ cc. 

2 



18 

.005 

7 


.05 

4 


.25 

1 


N'ot inhibited by 50 

1 


Not done 

5 

2 

.005 

2 

1 

.05 

1 

1 

Not done 

1 


sequent eomse conliuned the diagnosis 
be%ond a reasonable doubt. Unfortu- 
nately. arterial punctures were not 
done, possibly they would have yielded 
the desired information. 

Sensitivity to penicillin in vitro was 
determined in all but 6 cases. Of the 
more highly sensitive group (.003 units 
per cc. to .05 units per cc. ) involving 
13 eases, there was only one death, 
showing that there tends to be a prac- 
tical relationship between organism 
sensitivity and tlierapeutic results. In 
one c.ise (Xo. 20, see Table S) the 


continuous intravenous method was 
employed initially, to be replaced later 
by the intermittent intramuscular route 
due to the development of thrombo- 
phlebitis at the site of injection, despite 
the use of small amounts of heparin in 
the vehicle. 

Results. Of the 23 patients, 5 are 
dead; the 18 alive are free from evi- 
dence of infection with subsequent 
periods of observation varying from 5 
months to 4 years. 

patient was regarded as having 
relapsed when he was found to show 
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TABLE 5.-MODE OF ADMINISTRATION 


Route No. of Caies 

Continuous Intrtivenous 8 

Intermittent Intramuscular 4 

Contin. Intrav. + Intermittent Intrainusc. 10 

Contin. Intravenous + Contin. Intrainusc. 1 

Intermit. Intramusc. -f Penic. in Wax 1 


TABLE 6.-DURATION OF CLINICAL OBSERVA- 
TION FOLLOWING CESSATION OF THERAPY 


Length of Observation No. of Cases 

Less than 6 months 1 

6 to 12 months 7 

1 to 2 years 5 

2 to 3 years I 

3 to 4 years 3 


evidence of recurrent infection includ- 
ing a positive blood culture at any time 
within 1 year from the date of the ces- 
sation of treatment.^ This occurred in 
6 of our cases (as shown in Table 7) 
with eventual death in 4. One patient 
(Cases 16 and 17, see Table 8) had a 
re-infection 14 months following his 
first episode. On both occasions the 
organism was streptococcus viridans, 
but unfortunately no tests for penicillin 
sensitivity were made. Each time the 
clinical response to the drug was satis- 
factory. In the interval between infec- 
tions the patient had an episode of 
fever and joint distress with negative 
blood cultures that responded promptly 
to the administration of salicylates and 
was considered to be acute rheumatic 
fever. 


Deaths. Death occurred in 5 of our 
patients, 4 of whom had suffered one 
or more clinical relapses as shown 
above (Table 7). In 3 cases death was 
directly attributable to cardiac failure 
(Cases 6, 8, 20, see Table 8) and in 
one to infection plus cardiac failure 
(Case 5). In the remaining fatality 
(Case 7) death followed a subarach- 
noid hemorrhage. 

Other Therapeutic Measures. Sul- 
fonamides were employed in varying 
dosage in 8 cases. From a review of the 
case records the indications for the ad- 
dition of this medication were not al- 
ways obvious. In some of these cases 
the drug was not administered in ade- 
nuate therapeutic dosage and its effect- 
iveness was always difficult to evaluate. 

In the 2 cases of bacterial endarter- 
itis a patent ductus arteriosus was 
successfully ligated during the course 
of penicillin therapy. 

Because of the e.vtreme resistance of 
the organism (Strep, viridans) to peni- 
cillin in Case 20 (Table 8), strepto- 
mycin was administered in a dosage of 




TABLE 

V.-RELAI’SES 



No. 

Muntlis 

Total 



'.iisc No. 

Relapses 

Duration Organisin 

Dosage 

Route f 

End Result 



of Disease 

Units ill 

millions 


7 

5 

12 .strop. 



Dead. 



viridans 

194. 

CIV-IM 

Subar.tchnoid Hemorrhage 

6 

2 

1 strep. 



Dead. 



viridans 

1.8 

CIV-I.M 

Cardiac failure 

20 

1 

7 strep. 



De.id. 



N’iridans 

9.* 

CI\'-IM 

Cardiac failure 

8 

1 

17 strep. 



Dead. 



s’iridans 

36. 

CIV 

Cardiac failure 

21 

1 

S non-item. 



Well. 



strep. 

9. 

CIV 

36 monllis 

23 

1 

3 strep. 



Well. 



viridan.‘\ 

16. 

I.\I 

13 montlis 


I CI\^— Continuous intravenous. 

IM— Intramuscul.u'. 

* Also received 90 gm. streptonis-cin. 
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2 gm. daily for 48 days. Vestibular 
manifestations consisting of dizziness 
and nystagmus began soon after start- 
ing treatment and persisted until death 
from congestive heart failure. Clinical 
arrest of the infection was apparently 
accomplished, although 1 positive 
blood culture was obtained 2 months 
prior to death. 

Discussion. Although it is important 
to establish a standard plan for tlie 
treatment of subacute bacterial endo- 
carditis, it is necessary that the physi- 
cian be ready to regulate the therapy 
to suit the requirements of the indi- 
vidual patient. Factors to be taken into 
consideration include the duration of 
the disease at the time the diagnosis 
is made, clinical condition of the pa- 
tient, nature of tlie offending organism 
and its response to penicillin in oitro, 
record of any previous therapy, and 
the symptomatic and clinical response 
of the patient after treatment is under 
way. 

The supportive measures are those 
necessar)' in any long continued in- 
fectious process. Diet should be high 
in calories and easily tolerated. A low 
sodium intake is indicated in view of 
the significant incidence of congestive 
failure. Transfusions are usually un- 
necessary but should be used without 
hesitation if one is faced with a danger- 
ously low or falling hemoglobin value 
during tlierapy. Digitalis is indicated 
only if congestive failure develops. 
Oral iron preparations are useful to 
combat the secondary anemia, and high 
potency multivitamin mixtures may be 
tlesirable in general supportive care. 
.Strict confinement to bed is not neces- 
s.iry or advisable in the absence of 
symptoms or signs suggestive of the 
onset of congestive heart failure. 

Penicillin is the specific therapeutic 
.igent of choice in the majority of cases. 
The various better known fractions (F. 
G, K and X) have not as yet been 


evaluated sufficiently to know which 
is most effective.- Streptomycin should 
be employed in those cases involving 
gram negative organisms or where 
penicillin resistance has been demon- 
strated by in oitro laboratory tests. 
Anticoagulants as an adjunct to aid in 
the penetration of the valvular vegeta- 
tions by the antibiotics seem superflu- 
ous and not without danger, although 
Loewe still advocates the use of hepa- 
rin." Sulfonamides have proved to be 
far inferior to penicillin (Table 1) and 
at present are to be considered only 
after adequate penicillin and, or, strep- 
tomycin therapy have failed. 

A survey of the current literature 
reveals, no unity of opinion regarding 
the daily dosage of penicillin, the dura- 
tion of therapy, and the optimum route 
of administration. 

Various clinics have recommended 
daily doses of penicillin varying from 
200,000 to 1,200,000 units in the aver- 
age case, and it would appear that, 
with this passage of time, the figures 
are being revised upward^’®''’^'®'^®-^®. 
Theoretically, the sensitivity of the of- 
fending organism to penicillin should 
give us at least the starting point for 
estimating an adequate dose. If the 
causative organism is inhibited by 0.05 
units or less of penicillin per cc. of cul- 
ture media, one may e.xpect therapeutic 
success with moderate daily doses. 
Tumulty and Harvey,'® however, em- 
phasize that many organisms appearing 
resistant will respond to an average 
dose. It is also true that some organ- 
isms which appear sensitive to in vitro 
tests will not respond to the correspond- 
^ing dose of the drug. In general, it 
( seems adwsable to administer the drug 
' in doses which will give a blood level 
1 5 to 10 times the minimal amount ef- 
Hective in oitro. In the treatment of re- 
lapses a substantial increase in both the 
daily dose and the duration of treat- 
ment should be made regardless of the 
in vitro sensitivity of the organism. 
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The clinical response of the patient 
to a given dosage schedule vi^ill regu- 
late the subsequent schedule. Within 
the first few days the patient should 
show clinical signs of improvement. 
The persistence of occasional embolic 
episodes early in the course of treat- 
I ment need not be construed as an indi- 
cation of therapeutic failure. 

Loewe'^'® and also Christie^ have 
utilized both intravenous and intra- 
muscular routes of administration with 
success. Flippin and his associates- 
preferred the intermittent intramuscu- 
lar technique with “booster” injections 
periodically in resistant cases. More 
recent reports^®-^^ suggest use of the 
intermittent intramuscular route for 
average doses and utilization of the 
continuous intravenous method only if 
the daily dose is to be 3,000,000 units 
or greater. The final choice of route 
should be determined by the ease of 
administration and comfort of the pa- 
tient in the cases calling for moderate 
doses of the drug. If the continuous 
intravenous route is used, 5% glucose in 
water as a vehicle rather than normal 
saline should be employed due to the 
undesirable amount of sodium intro- 
duced by the former metliod. The fre- 
quent occurrence of tlirombophlebitis 
at the site of administration and the in- 
convenience to the patient incurred by 
this method leads us to favor the inter- 
mittent intramuscular route. We have 
occasionally employee!, the “booster” 
doses as advocated by Flippin and have 
found them to be advantageous. 

Loewe® estimates that with the con- 
tinuous intravenous method a blood 
level of appro.vimately 1 unit per cc. 
may be obtained for each 1,000,000 
units of the drug given daily. This de- 
termination may be used as an initial 
guide in estimating the dosage based 
on in cHro sensitivity of the organism. 
Although significant elevations of the 
blood level of penicillin ha\e been re- 
ported by the concurrent use of various 


compounds such as para-amino-hip- 
puric acid and caronamide, our e.xperi- 
ence along this line has been limited. 
Certainly tlie use of these compounds 
seems to offer promise in selected cases. 

Tumulty and Harvey^^ point out that 
the goal of any therapeutic regimen is 
the cure of the maximum number of 
patients and not the determination of 
the smallest amount of a therapeutic 
agent which will be effective in the 
majority of patients. For this reason, 
it does not seem extravagant to over- 
treat some patients in order to secure 
adequate treatment of all. The authors 
mentioned above cite 4 cases with ap- 
parent clinical arrest of the infection 
who died from other causes and at 
autopsy still showed evidence of active 
endocarditis. Christie* emphasizes tlie 
duration of the treatment, irrespective 
of the total dosage, as an important 
factor. 

At tlie present time there is no geai- 
eral agreement as to the criteria for 
adequate treatment Priest et alP state: 
“The only consistently reliable guides 
after cultures of the blood have become 
sterile are the leukocyte count and the 
blood sedimentation rate.” Tumulty 
and Plarvey,*^ on the other hand, be- 
lieved that the best indications of ef- 
fective tlierapy were the return of the 
temperature and pulse to normal, a 
gain in weight, the absence of sweats, 
an increasing sense of well being of the 
patient, the subsidence of embolic phe- 
nomona, and the elevation of the red 
count and hemoglobin toward normal. 
We believe that Uie clinical response of 
the patient is a more reliable index to 
adequate therapy than laboratory deter- 
minations. Duration of therapy based 
upon the above standards will vary in 
individual cases, but 3 weeks should 
probably be regarded as a minimum 
for continuous therapy in uncompli- 
cated cases. 

Relapses usually occur within 3 or 4 * 
weeks after cessation of therapy and, 



492 


DRAKE, DENHAM: SUBACUTE BACTERIAL ENDOCARDITIS 


in our experience, are usually of serious 
■ prognostic import (see Table 7). Ther- 
apy should be resumed, a more intens- 
ive program used, and streptomycin 
administered where indicated as previ- 
ously outlined. The largest total dosage 
in our series was 194,000,000 units, 
although a case has been reported 
which was given a total of 1,450,000,- 
000 units with recovery.^^ 

Considerable difference of opinion 
e,\ists as to whether cardiac failure is 
hastened due to further scarring of the 
valves during the healing process. It 
must be conceded, however, that suc- 
cessful therapy for subacute bacterial 
endocarditis by increasing longevity of 
this group of patients will magnify the 
importance of congestive failure as a 
cause of death in rheumatic heart 
disease. 

As pointed out above, the occurrence 
of embolic episodes during the course 
of treatment is not necessarily evidence 
of inadequate therapy, although its 
frequent occurrence probably indicates 
the need for prolongation of the course 
of the drug. 

The occurrence of thrombophlebitis 
at the site of continuous intravenous 
injections has already been discussed, 
and we have not encountered necrosis 
of muscle secondary to intermittent 
intramuscular administration. 

The use of penicillin prior to and 
following dental extractions and tonsil- 
lectomy in patients with valvular heart 
; disease is definitely warranted. Recent 
work suggests that an effective peni- 
cillin level should be continued for at 
least 48 hours post operatively.^ Foci of 
infection should be diligently searched 
for in all patients undergoing therapy 
for subacute bacterial endocarditis and, 
it possible, should be eliminated during 
the course of penicillin treatment. 


The final determinants of succes s in 
the therapy *of this dSea^ with peni- 
cillin are not primarily such factors as 
age, duration of the disease, or the 
valves involved, but rather the degree 
of cardiac disability, the critical nature 
of the embolic phenomena and the 
resistance of the offending organism.^^ 

Our mortality rate of 21.7% compares 
favorably with 374 cases collected from 
the recent literature whose overall 
death rate was 26.6%.^'®''^’®’^°’^^ It is to 
be e.xpected that refinements in anti- 
biotic therapy in the future will signif- 
icantly improve upon this figure by 
eliminating failures due to recurrent 
infection. 

Summary. A total of 24 cases of sub- 
acute bacterial endocarditis treated 
with penicillin involving 23 patients is 
reported in detail. Eighteen are living 
and free from evidence of infection 5 
months to 4 years following cessation 
of treatment. 

A correlation between sensitivity of 
the organism in vitro and the in vivo 
response to antibiotic therapy is dem- 
onstrated. The importance of clinical 
relapse as an unfavorable prognostic 
sign is pointed out. 

Factors to be considered in setting 
up a rational program of therapy are 
discussed. The importance of congest- 
ive heart failure as a complication is 
stressed and suggestions for its preven- 
tion are outlined. 

Streptomycin is advocated for those 
cases in which a marked in vitro resist- 
ance or a lack of clim'cal response to 
massive doses of peniciUin is encoun- 
tered. 

An overall mortality of 21.7% for this 
series compares favorably with other 
series previously reported. 


The .vudiofi are iiidebteti lo Dr. F. Janney Siiutii, Phjiician-in-Charge of tlie Cardio-Respir- 
atorv DR Lion of tiie Ilcnr,- Ford Hospital for his encouragement and helpful criticism and to 
Dr. R. F, Ziegler for assemliling clinical data relative to Cases I to 9 inclusive. 
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Glucose is known as one of the most 
important nutritive substances for 
muscular tissue, and its stimulating 
action on the heart in the heart-lung 
preparation has been shown by Bay- 
liss, Muller and Starling*. Glucose 
therefore, has been recommended in 
tlie treatment of patients with cardiac 
disease and is usually used intravenous- 
ly in hypertonic solutions at a concen- 
tration from 20% to 50%**- However, 
quantitative determinations of the ef- 
fect of glucose on the work of the 
human heart, to our knowledge, have 
not yet been reported. The present 
study has been performed in order to 
measure the modification of the cardiac 
output induced by hypertonic glucose 
solution. The determinations of cardiac 
output have been made by the ballisto- 
cardiographic method of Starr*-. The 
effect of the injection has been studied 
in normal subjects and in patients with 
cardiovascular disease, 

Tcciiniijue. The subjects were .stuclieil at 
If.Lst 2 hoiiK after a ine-al and a control halli-s- 
toeardioi'rapliic record was taken after 15 
inimiles rest. Then they received an injection 
of 30 cc. of a w.irm "lucose solution at a con- 
n'utration of oflCr; the injectinu was .dways 
made infr.neuoie.ly in 20 to -10 seconds. A 
‘-cries of hallistoc.irdiogr.iphic records were 
l.iken succc'-ii'ely at 1, 2, 3, 4, 3, 6, 8. 10. 

13, 20 ,ind in .i few c.e>es ui) to 43 and 60 
minutes. The results are calcul.ited in per- 
centage of minute output modification of the 
(.ontrol record. Only incfeasi's of ICtl or 


more above tlic control record were re- 
garded as significant. *•• 

Blood pressure was estimated at intervals 
bv the sphygmomanometer in some, but not all 
of our subjects. No significant changes were 
found after the injection and, as we preferred 
not to disturb the subjects in aiw way, we 
omitted these estimations in the fast part of 
the study. 

These determinations have been made in 9 
subjects with normal hearts, and in 14 pa- 
tients with evidence of heart disease (2 with 
questionable heart disease, 2 with arterio- 
sclerotic heart disease, 3 svith congestive 
failure of variable etiology, 6 with hyperten- 
sion and 1 with nephrosis). All of the patients 
with cardiac disease were ambulatory at the 
time of the test and all were capable of re- 
clining on the ballistocardiographic table 
without severe orthopnea. 

The results were subjected to a statistical 
analysis by tlie methods of Fisher** and the 
word “significant" is used in the statistical 
sense, indicating a probability of less than 5 
in 100 that the difference was due to chance. 

Results. The data are given in Table 
1. In normal subjects, the hypertonic 
glucose solution induced an augmen- 
tation of the cardiac output lasting 
about 5 minutes after the injection. 
The ma.\imum augmentation reached 
10% to 30%. After 5 to 8 minutes, the 
cardiac output reached its normal level, 
and in many cases dropped thereafter 
to a lower level. 

A. strikingly different response was 
obtained in the great majority of our 
patients witli cardiovascular disease. 
The augmentation of the cardiac out- 
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put lasted much longer than in normal 
cases and was generally still present 
15 or 20 minutes after tire injection. In 
some subjects, however, we observed 
a transient drop of the cardiac output 
during the first minutes following the 
injection and a later increase. 

In making the statistical analysis it 
seemed best to exclude the patients 
with questionable cardiac disease (Pa- 
tients 10 and 16) even though their in- 
clusion would have made no material 
difference. 

The average duration of the increas- 
ed cardiac output in patients with car- 
diac disease is very significantly longer 
than in the normal group; indeed there 
is no overlapping of the two groups. 
The difference between the maximal 
increase of cardiac output, expressed 
as percent of the control value, is sig- 
nificant but less striking. The mean 
maximal increase is 35.9% in the car- 
diac group and 19.3% in the normal 
group. In 3 cardiac patients (Patients 
18, 19 and 23) the maximal increase 
in cardiac output was 50% or more; 
these increases stand out from die other 
data. If these 3 results are excluded 
from the cardiac group, its mean in- 
crease becomes 25.2% instead of 35.9% 
and statistical analysis reveals that this 
value is not significantly different from 
the normal average. 

The modifications in cardiac output 
were not correlated with any significant 
change in heart i-atc, indeed the rate 
changed but little in most experiments. 
Howev'^er, in 1 nonnal subject (Patient 
8 in the Table) a transient slowing of 
the heart beat occurred from the first 
until the second minute after injection. 

Discussion. As successive estimations 
of cardiac output by the ballistocardio- 
gram agree within 10% (the standard 
error of estimation of the second from 
the first is 4.8% of the second value'^), 
our results show that hypertonic glu- 
cose .solution induces an augmentation 


of tile cardiac output both in normal 
subjects and in those with cardiac dis- 
ease. As the blood pressure did not 
change significantly in the subjects 
studied, the work of tlie heart must 
have increased. In normal subjects this 
augmentation was transient; in cardiac 
disease it was much more prolonged. 

Glucose, therefore, is another example 
of the group of physiological agents 
which affects the cardiovascular sys- 
tems in disease in a manner different 
from the effect produced in healthy 
persons. This is also true of such fa- 
miliar agents as digitalis-'^®'^^ and theo- 
phylline ethylene diamine® injected in- 
travenously; and doubtless of many 
other agents. And it is of no little in- 
terest that all three of the agents men- 
tioned above cause a stimulation of the 
circulation more pronounced and en- 
during in disease than in health. 

The action of hypertonic glucose that 
we have demonstrated might have been 
brought about by the glucose itself, 
by the hypertonicity of the injected so- 
lution, or by both means. In normal 
subjects the augmentation of the cir- 
culation was transient. A similar ef- 
fect has been observed after the in- 
jection of hypertonic saline solution'^ 
and this raised the question whether 
the response is due to their common 
property, hypertonicity, rather than to 
a specific effect on the heart. It is 
known that hypertonic solutions at- 
tract a certain amount of water from 
the tissues into the blood, increasing 
the blood volume and the venous pres- 
sure*. Whether this latter fact could 
e.xplain the initial augmentation of the 
cardiac output, in accordance with 
Starling’s Law of tlie Heart, was in- 
vestigated and the results are recorded 
in the following paper. 

On the other hand, the long lasting 
augmentation of the output observed 
in cardiac patients might be due to a 
beneficial action of glucose on the 
heart. It should be recalled that in 
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animal preparations, glucose has a more 
favorable effect on the contractihty of 
a failing heart than of a powerful 
heart^’®. Our results indicate that the 
same may be true in human beings. 

Of those patients with cardiac dis- 
ease who showed a prolonged increase 
in cardiac output, there was no ap- 
parent common factor except cardiac 
abnormality. It was our impression 
that the most striking increases and 
prolongations of cardiac output were 
roughly proportional to the degree of 
dyspnea and perhaps to the degree of 
cardiac insufficiency, but this relation- 
ship is not too clear. Patient 16, aged 
17, with meningo-vascular syphilis, had 
no evidence of cardiac disease except 
an abnormal electrocardiogram, yet his 
cardiac output remained elevated for 
15 minutes after the glucose injection. 

None of the patients with cardiac 
disease stated tliat they felt any sub- 
jective benefit following the injection, 
nor were any unfavorable effects not- 
ed. Objections have been raised to the 
therapeutic use of hypertonic glucose 
solution in patients with coronary in- 
sufficiency. It has been reported in 
these cases to cause a significant al- 
teration of the electrocardiogram; more- 
over some patients are reported to have 


complained of severe precordial pain®. 
In our experiments the injection was al- 
ways performed rapidly, but the only 
complaint recorded was a warm sen- 
sation throughout the body lasting a 
few seconds. Moreover, the maximal 
augmentation of the cardiac output im- 
mediately after the injection was usual- 
ly not very great, and the heart was not 
subjected to a sudden increase in its 
work. In our one patient with true an- 
gina of effort (Patient 11 in the Table ) 
anginal pain was not produced. 

Summary and Conclusion. Hyper- 
tonic glucose solutions injected intra- 
venously induced an augmentation of 
the cardiac output as measured by the 
ballistocardiogram, which generally 
reached 10% to 30% above the con- 
trol figure. 

Although the average maximal in- 
crease was significantly greater in pa- 
tients with cardiac disease than in 
healthy persons, the difference was not 
striking; and, if the data obtained in 3 
patients are omitted, the difference is 
no longer significant. 

On the other hand the difference in 
duration of the effect was very strik- 
ing and highly significant. The in- 
creased cardiac output lasted much 
longer in patients with cardiac disease. 


Tlie authors wish to express tlieir sincere appreciation to Dr. Isaac Starr for his helpful 
suggestions and guidance in this work and to Mrs. Margery Murray for technical assistance. 
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ON THE MECHANISM BY WHICH INTRAVENOUS INJECTIONS 
OF HYPERTONIC GLUCOSE SOLUTION CAUSE 
INCREASED CARDIAC OUTPUT 

By James P. Walsh, M.D. 

PHILADELPHIA, PENNSYLVANIA 

(From the Department of Therapeutic Research and tlie Medical Clinic of the Hospital 
of the University of Pennsylvania) 


In the preceding paper® it was dem- 
onstrated that 50 cc. of 50% glucose 
solution injected rapidly intravenously 
was followed by a noteworthy increase 
in cardiac output which tended to be 
of longer duration in subjects with 
heart disease than in healthier sub- 
jects. Further studies have been un- 
dertaken to answer several questions 
about the mechanism of this effect. 

As was mentioned in the previous 
paper, two possibilities presented 
tiiemselves: 

1. Hypertonic glucose solution 
would be e.xpected to draw fluid into 
the circulation and to increase blood 
\’olume, and tliis might in turn raise 
the venous pressure and so stimulate 
the heart according to Starling’s Law. 
According to this concept the increased 
effectiveness of the glucose in cardiac 
disease might be attributed to the ex- 
cess tissue fluid present in such cases 
as manifest or occult edema. This 
fluid might be more readily available 
than the tissue fluids of healthy sub- 
jects and so might lead to a more rapid 
and prolonged increase in blood vol- 
ume and so to more pronounced cardi- 
ac effects. 

2. From the results of animal e.xpcri- 
ments, it was also proper to e.xpect 
that glucose would stimulate the heart 
directly. Indeed, the enhanced effect 
in cardiac disease might be taken to be 
analogous to the results already obtain- 
ed in animal preparations' - in which 
a damaged heart responded more vig- 
oronslv to glucose than hearts in bet- 
ter condition. This hypothesis is not 


an alternative to the first and there 
was no way of testing it directly, but 
the problem could be approached by 
excluding other possibilities and find- 
ing whether the data were consistent 
with this concept. 

The results demonstrate that, al- 
though a significant rise of blood vol- 
ume did follow the injection of glu- 
cose, the increase of venous pressure 
was so small that it was often negligible 
and it could not be correlated with tlie 
increase in cardiac output. As there 
is positive correlation between the 
cardiac output effect and the level of 
blood sugar after glucose is injected, 
the data suggest that glucose produces 
an effect on the circulation directly by 
cardiac stimuation rather than indirect- 
ly by increasing the blood volume. 

Subjects. The 22 subjects were all ward pa- 
tients at the University Hospital and each re- 
ceived a complete hospital study. Four gave 
.'ibnomial ballistocardiograms and as cardiac 
output could not be calculated with confi- 
■lencc from such records these data were not 
used. The patients who had normal ballisto- 
cardiogranw were divided into 2 groups. 

Included in the group with normal hearts 
was B. .\I., age 56, with carcinoma of the lung 
who died 7 weeks after the test and had u 
normal heart at necropsy. The rest were: T. 
S. age 5-1, tliagnosed aaxiety neurosLs; L. B. 
age -12, with a mild pyrc.xia of unknown ori- 
gin; J. Z., age .55, with a mild depressed psy- 
chosis; N. V., age 50, who .suffered from los,; 
of weight not e.xplained by the study; and If. 
W., age 26, diagnosed psvciionenrosLs and pri- 
ni.uy dy.sinenorrliea. 

Included in the group with abnormal 
he.srt.s were: O. B., age -10, with luetic aortic 
valviditi.s; L. .M., age 26, A. S., age .20, and I'. 
E.. age 29, all with rheumatic mitral stenosis; 
E. M., age .57, with coronary heart disease, 
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left bundle branch block and angina pectoris; cardiographic abnormalities suggesting peri- 

C. W., age 53, who came to the hospital with carditis rather than infarction, and who 

intermittent substernal pain which later be- developed azotemia and left the hospital 

came constant, who showed severe electro- moribund; A. K., age 59, \V. II., age 47, G. B., 


TABLE 1.— RELATION OP CHANGE OF CARDIAC OUTPUT PER MINUTE TO CHANGE IN PLASMA 


VOLUME AFTER INJECTION OF HYPERTONIC GLUCOSE 
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age 27, L. G., age 62, O. Y., age 56, and A. M., 
age 42, had hypertension at or exceeding 
180/105 mm. Hg. Of these sL\, 5 were ad- 
judged to have cardiac abnormality because 
they had either cardiac enlargement by fluoio- 
scope or a major electrocardiographic abnor- 
mality or both. However, C. B., the youngest 
of them, had no cardiac enlargement and a 
normal electrocardiogram, but the shape of 
the heart suggested left ventricular hyper- 
trophy. 

All these patients were in good functional 
condition (Class I) e.xcept P. E. who was in 
mild congestive failure at the time of testing 
(Class IV); O. Y., admitted in failure, who 
had recently recovered from it when the tests 
were made (Class III); and C. W. e.vtremely 
ill, but with the diagnosis in doubt. 

Methods. Plasma volumes were estimated 
by the dye dilution method using T-1824 ac- 
cording to the technique of Gregerson.3-^-'' 
A single sample taken between 10 and 15 
minutes after the dye injection was employed 
to calculate the initial blood volume. Later in 
tlie same experiment other blood samples 
were taken to follow the changing blood vol- 
ume. The amount of dye in the plasma .vas 
estimated from optical densitj’ read in a Beck- 
man Spectrophotometer. The changes in 
blood volume were estimated from the devia- 
tion of our samples from the theoretical time- 
disappearance curve of the injected dye. This 
curve had been previously determinecl® and I 
confirmed the findings in 4 subjects. 

Hematocrit specimens were centrifuged at 


a speed of 2500 to 3000 r.p.m. for hall an 
hour. 

Venous pressures were t.aken by Uie meth- 
od of Moritz and Tabora, by allowing a saline 
solution to run into an antecubital vein as far 
.IS it would. The needle was left in the vein 
during the experiment. 

Artenal pressures were estimated in the 
usual manner by the auscultatory method. 

Cardiac output w<is estimated from the 
ballistocardiograms.*^ 

In some experiments blood samples were 
analysed for sugar and occasionally for chlo- 
rides. I am indebted to Dr. J. H. .‘\ustin who 
made these estimates for me. 

All patients were tested either fasting or at 
least 2 hours after a meal kept low in fat 
content. They lay horizontally on the ballisto- 
cardiograph for 15 minutes before the first 
record was taken. Venipuncture was then 
performed. Dye was injected, venous and ar- 
terial pressures were measured and a ballis- 
tocardiogram taken. After these estimations, 
50 cc. of 50S glucose was injected in a period 
of about 30 to 40 seconds. Ballistocardio- 
grams, blood samples and estim.itions of ven- 
ous and arterial pressure were taken at inter- 
vals for the next 45 minutes or until the effect 
liad died away. Not all tlie estimations were 
made on every subject. 

Results, Plasma volume was estimat- 
ed repeatedly on 4 of the subjects with 
normal hearts and on 9 of the group 


TABLE n.— RELATION OF CHANGE OF CARDIAC OUTPUT TO CHANGE OF VENOUS PRESSURE 
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with cardiac disease. The results are 
given in Table 1. Inspection of the 
results showed no noteworthy differ- 
ence between those obtained in the two 
groups of cases. After the injection of 
glucose the plasma volume always in- 
creased, the average increase for all 
our subjects being -j-374 cc. at the end 
of 5 minutes, -{-221 cc. between 12 and 
18 minutes, -\-225 cc. between 25 and 
30 minutes and -{-242 cc. in the smaller 
group tested between 45 and 50 min- 
utes. 

Forty-five estimates of cardiac out- 
put can be paired with simultaneous 
estimates of plasma volume. Statistical 
analysis shows that the correlation be- 
tween the changes in these 2 values 
after glucose is significant, the corre- 
lation coefficient being 0.41, whereas 
any value over 0.29 is significant. 

Hematocrit values were estimated 
repeatedly in 21 cases, 5 of whom did 
not receive glucose. The changes were 
usually very small; the average packed 
cell volume diminished 1.6% in 14 
samples taken from 2 to 5 minutes after 
the injection of glucose; 1.9% in 13 
samples taken from 10 to 15 minutes; 
1.9% in 16 samples taken between 20 
and 30 minutes; and 2.1% in 8 samples 
taken between 35 and 45 minutes. But 
a tendency towards diminution was also 
found in those cases not given glucose. 
Thus 35 to 45 minutes after a dye in- 
jection, no glucose being given, the 
average of 5 samples showed the pack- 
ed cell volume to have diminished by 
0.6%, a value not significantly differ- 
ent from that found after glucose at a 
similar time. For this reason, as well 
as the well-known error inherent in 
calculating the total relation between 
cells and plasma from blood samples 
drawn from veins, the residts have 
been reported as i^lasma volume, rather 
than as blood volume. The latter was 
calculated in each case and the data 
did not change our conclusions. 

Venous pressure was estimated re- 


peatedly in 9 subjects of whom 3 had 
normal hearts and 6 had cardiac dis- 
ease. The initial pressures were all 
within normal limits. Results are re- 
corded in Table 2. After glucose tliere 
was a slight but definite increase of 
venous pressure in most subjects. The 
average increase reached a ma.ximum, 
20 mm. H 2 O, shortly after the injection, 
at the time when cardiac output was 
often at its ma.ximum. This increase of 
venous pressure was not sustained and 
in about 10 minutes the average was 
only 6 mm. above the initial level. 
From this point the average fell more 
slowly and was only slightly above the 
initial level 35 minutes later. 

Estimations of the change of venous 
pressure after glucose can be paired 
with simultaneous estimations of the 
change in cardiac output in 30 in- 
stances. No relation could be demon- 
strated as the correlation coefficient, 
0.165 was not significant. 

Arterial pressure was estimated re- 
peatedly in 6 cases. No important 
changes were found after the injection 
in any case tested. A similar result hav- 
ing been secured in the preceding 
study these estimations were not con- 
tinued. 

Blood sugar was estimated repeated- 
ly in 3 cases. As was to be expected 
from the many results secured by those 
interested in the Intravenous Glucose 
Tolerance Test,® a marked increase was 
found after the injection and the blood 
sugar remained abnormally elevated 
during the whole experiment. Table 3 
gives these results. The correlation co- 
efficient between blood sugar level and 
the cardiac output is 0.57, and anv 
value over 0.51 is significant. The blood 
chlorides did not change significantlv. 

Discussion. The additional experi- 
ence gained permits a more exact 
statement of die relation of the re- 
sponse to glucose and the clinical state 
of the patients. In diis study the pa- 
tients with cardiac abnormalities used 
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were not as sick as those tested previ- 
ously^ and it is interesting that their 
cardiac outputs did not increase so 
much, nor was tire increase so jrro- 
longed as in the group studied before'*. 

Ihe patients with abnormal hearts 
had been classified according to the 
functional classification of the Ameri- 
can hleart Association before the re- 
sults of the study were known, and it 
is of interest to compare this clinical 
estimate of cardiac capacity with our 
findings, using the data of both this 
and the preceding paper®. In so doing 
it seemed proper to omit case L.B. 
who had a fever of unknown origin 
and whose cardiac response to tire glu- 
cose was much more vigorous and pro- 
longed than that of any other person 
with a normal heart. No other patient 
was febrile. C.W. was also omitted be- 
cause the primary diagnosis was in 
doubt, he was very sick and his cardiac 
status was hard to assess. 

As the difference between the glu- 
cose effect on the cardiac and non- 
cardiac groups was most conspicuous 
late in the test, and as the e.xact times 
at which ballistocardiograms were 
taken varied somewhat, we studied 
values for cardiac output estimated 
from ballistocardiograms taken between 
15 and 30 minutes after tlie injection 
of glucose and, if there was more than 
one estimate in this period, the average 
was used. The results were striking. 
In 1-1 patients widi hearts judged to be 
normal the average cardiac output per 
minute at this time was 7% below the 
level found before injection. On l-l 
p.itients judged to ha\e cardiac disease 
hut without undue dyspnea on exertion 
(Class 1) the average was 2^c above 
the initial value at this time; in the 3 
judged to belong to Class II the aver- 
age was -f-16'ic; in the 5 in Class III, 
in the 2 unable to take anv 
exercise without discomfort (Class IV) 
it was -f22‘'c. The numbers in the 
Cl.isses II. III. IV are too small to 


warrant statistical analysis of the data 
from each group separately, so they 
were combined. The mean obtained in 
the group widi normal hearts rs srg- 
nificantly differ errt from tlrat of the 
Class I group, t being over 3. Similarly 
the mean of the Class I group is sig- 
nrficantiy different from drat of the 
combined groups, t being again over 
3. Evideirtly dre duratiorr of the re- 
sponse to glucose increases as the func- 
tional capacity of the padent dimin- 
ishes. 

The results also drrow light on the 
mechanism by wlrich glucose produces 
its effect on the cLrculadon. It is true 
that there is a significant correlation 
between dre increase of blood volume 
that occurs after glucose and dre in- 
crease of cardiac output; a similar sig- 
nificant correladon, of about the same 
magnitirde, was found between changes 
of cardiac output and blood volume in 
cases subjected to operation^, but it 
does not necessarily follow that the one 
causes the other; in this instance it is 
more likely that the glucose is the single 
cause of the two effects. We know of 
no means by which increased blood 
volume could stimulate cardiac output 
e.xcept by raising the filling pressure of 
the heart; and the increase of peri- 
pheral venous pressure after glucose 
was negligible in most cases. Therefore, 
the increased blood v'olume could hard- 
ly have produced the striking cardiac 
effects observed. It is true that the 
greatest average height of venous pres- 
sure and the maximum average stimu- 
lation of cardiac output in the same 
subjects coincided at about -1 minutes 
after the injection, but the change in 
peripheral venous pressure was always 
very small, averaging only 2 cm. at 
this time. Warren ct al}*^ have pre- 
sented evidence that changes in cardiac 
filling pressure of this amount are not 
sufficient to affect the c.irdiac output 
consistently. .\Iso if one examines close- 
ly the dat.i on simultaneous estimations 
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of venous pressure and cardiac output 
(Table 2), the lack of correlation is 
readily seen. Calculation shows no sig- 
nificant correlation within tlie 30 pairs 
in which simultaneous changes in 
venous pressure and cardiac output 
could be compared. One must conclude 
that the increase in cardiac output is 
not to be attributed to an improve- 
ment in cardiac filling caused by in- 
creased blood volume. 


cardiac function found. The results ob- 
tained on patient L.B. (the orily sub- 
ject with fever), Table 3, are in com- 
plete accord with this concept for the 
increase in cardiac output is closely 
related to the increased level of blood 
sugar. However, in patient J.Z. an even 
higher increase in blood sugar was not 
accompanied by a significant change 
in cardiac output and in L.G. (with 
hypertension ) the fall of the blood 


TABLE III.-THREE EXPERIMENTS SHOWING VARIOUS CHANGES AFTER GLUCOSE INJECTION 





Blood 







Pulse 



Cardiac 





Time 

Rete 

Sugar 

Chlorides 

Output 

Plasma 

Volume 

Diagnosis 




mg 

M Fq/L 

% 

cc. 






p. 100 cc. 





Pyrexia of unknoivn 

1. L.B. 

IJefore glucose 

98 

ftO 




■ 

origin (T. 100-102') 
Normal C V system 


After glucose 









3 ajn. 

106 



*28 





6-8 min. 

103 

213 


+28 

*443 

msm 



15-18 Bin. 

102 

223 


*15 

*455 




30 min. 

100 

196 


♦4 

*274 

*10 



4$ min. 

100 

176 


+3 

*553 

*19 

Involutional melan- 

J, J.?.. 

Before glucose 

62 

78 

103 




colic. Normal C V 


After glucose 







system. 


3-5 min. 

62 

254 

102 I 

+3 

*106 

*12 



8 « H mtn 

61 

199 

1 Wm 

*4 

+230 

*7 



30 mn. 

00 

188 


-6 

-27 

-1 



45-^0 roin. 

00 



-4 



Hypertensive C,V, 

3. t..C. 

Before glucose 

57 

50 

107. t 




disease due to 
chronic pyelo- 
nephritis 


After glucose 









3-5 min. 

52 

236 

106.4 


*366 

+9 



8 min. 

53 








15-16 min. 

55 

208 

105.9 

■ H 

♦214 

♦5 



30 min. 

56 

176 

107.2 

■ H 

♦637 

*13 



45 min. 

56 

156 

107.4 

|H 

+287 

+6 



Therefore, the second alternative 
must be considered; glucose might in- 
crease the cardiac output by a direct 
stimulating effect on the myocardium. 
A large amount of data on the Intra- 
venous Glucose Tolerance Test® indi- 
cated that after an injection such as 
was employed, blood glucose would be 
increased for tlie duration of the e.xperi- 
ment. This was confirmed in 3 subjects 
and the correlation between the blood 
sugar level and the change in cardiac 
output per minute is significant. So 
glucose, present in e.xcessive amounts, 
may well ha\'e caused the increase of 


sugar curve is not accompanied by a 
corresponding fall of cardiac output. 
Obviously other factors than the level 
of blood sugar influence the intensity 
of the cardiac effect which follows in- 
travenous glucose. 

The results show that the functional 
condition of the patient’s cardiovascu- 
lar system is one such factor. 

Summary and Conclusions. Blood 
volume, peripheral venous pressure, 
blood sugar and blood chlorides have 
been measured before, during and after 
the increase in cardiac output follow- 
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ing the intravenous injection of 50 cc. 
of iiypertonic glucose solution into 
healthy persons and cardiac cases. The 
results have been subjected to statis- 
tical analysis. 

Although the blood volume increased 
after injection, and this was signifi- 
cantly correlated with the increase in 
cardiac output, the rise in venous pres- 
sure was almost negligible and no sig- 
nificant relation between the changes 
of venous pressure and the increase of 
cardiac output could be demonstrated. 
Therefore, no evidence was obtained 
that increased filling of the heart is an 
important factor in the cardiac stimu- 
lation which follows glucose. 

Blood sugar increased markedly after 
glucose injection and the change in its 


level was significantly correlated with 
the increase in cardiac output. Blood 
chlorides remained constant. Therefore 
the increase in cardiac output is best 
explained as a direct action of glucose 
on the heart, analogous to that well 
known to occur in e,xperiments on the 
hearts of animal preparations. 

The intensity of the cardiac action of 
glucose varied inversely with the clini- 
cal estimate of cardiac capacity, the 
average effect being most prolonged 
in those patients whose functional ca- 
pacity was lowest. This again appears 
to be analogous to results secured in 
acute animal experiments, in which the 
heart is more strongly stimulated by 
glucose when it is in poor condition. 


I am indebted to Dr. Isaac Starr for help in the preparation of this paper and to Margery' W. 
Mvitray for much technical assistance. 
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1936-1946 

By Frank W. Davis, Jr., M.D. 

RESIDENT PHYSICIAN 
BALTIMORE, MARYLAND 

(From the Medical Clinic, The Johns Hopkins Hospital) 


In 1903 Futcher^^ first reported the 
experience with amebiasis in the Johns 
Hopkins hospital, at which time that 
disease was shown to be responsible for 
0.74% of the admissions to the medical 
service, with a mortality rate of 25.3%, 
Since that time great strides have been 
made in our understanding of the pa- 
thogenesis, complications and treat- 
ment of amebiasis. No attempt to re- 
view comprehensively the literature 
relevant to the disease will be made 
here, since Craig^^ has quite adequate- 
ly done so to 1944. During and since 
World War II great emphasis has been 
placed on the possible sequelae of 
tropical exposure of masses of Amer- 
ican troops and the fear of increased 
incidence of amebic disease in this 
country expressed.---^'^®-®® Many more 
recent reports have dealt with military 
personnel in whom relatively acute 
amebiasis was present; it seems worth 
while, therefore, to review the e.xpe- 
rience of a large civilian hospital in 
dealing with this problem. 

Material. In this review, all hospitalized 
adult patients in whom a diagnosis of amebi- 
asis in any fonn was made during the period 
extending from 1936 to 1946 inclusive, were 
studied. A total number of 296 cases were 
catalogued, 0.15% of the total hospital ad- 
missions over the same period. Of tliese cases 
25 were not available for analysis, 39 were 
inadequately studied, or the diagnosis not 
satisfactorily established, and 27 cases were 
diagnosed on serx'ices odier than the medical 
service and were excluded. The remaining 
205 cases, all proven amebiasis by (a) dem- 
onstration of Endamcha histolytica in the 
stools, or (b) specific response to emetine in 
extra-intestinal forms of the dLse-ase, were 


carefully analyzed. This number constitutes 
0.51% of the total number of admissions to 
the medical service during the period of study. 

Endameba histolytica is a protozoan 
the laboratory identification and char- 
acteristics of which are beyond the 
scope of this review. Suffice it to say, 
it is primarily an intestinal parasite oc- 
curring in from 5% to 20% of the popu- 
lace of this country, with an average 
over-all incidence of approximately 
10%. Extensive data have accumu- 
lated establishing the pathogenicity of 
this organism in man as well as in cer- 
tain e,xperimental animals.-'” The dis- 
crepancy between the incidence of in 
fection and incidence of symptomatic 
amebiasis has not been clearly de- 
fined. It is felt by many that concomi- 
tant bacterial invasion is a prerequisite 
to symptomatic amebiasis, and, indeed, 
Craig thinks that all infestations are 
complicated by the presence of bacte- 
ria,” otliers that bacterial infection may 
lower the general resistance or facilitate 
entrance of the protozoan into the in- 
testinal mucosa.®'^^ It is a prevalent 
concept that approximately 10% of the 
cases of amebiasis harbor organisms of 
the Shigella group.^- In view of the 
frequency of non-specific symptoms, 
some workers have felt that the diag- 
nosis of amebiasis should be made only 
in the presence of a complete therapeu- 
tic response to amebicidal drugs.-"^" 

For clinical purposes, the life cycle 
of Endameba histolytica is a relatively 
simple one, although detailed analysis 
of racial characteristics and related or- 
ganisms makes its more definitive un- 
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clerstanciilig somewhat intricate. It is 
felt that the most likely sequence of 
events iS (1) ingestion of cystic form, 
which (2) excysts in the alkaline secre- 
tion of the small intestine with forma- 
tion of metacysts which (3) by their 
cytolytic action invade the mucosa of 
the cecum from which (4) trophozo- 
ites furtlier invade the submucosa or 
muscularis, occasionally the serosa, and 
may (5) be passed into the lumen to 
the more distal large bowel, where the 
process is repeated, or form typical 
amebic ulcers, and sometimes invade 
the venules or lymphatics, tlius facili- 
tating invasion of extra-intestinal or- 
gans.*'-''--'* Many local factors other 
than- the bacterial ones mentioned 
above have been incriminated, includ- 
ing the total number of parasites, tire 
pH of enteric secretions, the motility of 
the intestinal tract, the virulence of the 
parasitic strain, host-resistance, and 
others.'* That symptomatic amebiasis 
occurs less commonly in children and 
more commonly in males and in tire 
tropics has been established." 

Symito.ms. The symptomatology of 
atnebiasis is protean. Many infected 
persons are entirely asymptomatic, the 
incidence ranging from htTo-** to 61%,'*' 
although most observers place the in- 
cidence of asymptomatic carriers be- 
tween these figures.-'"--'' In this series, 
twenty cases ( iO^i) were entirely free of 
.symptoms which could be attributed to 
the presence of Emhivichu histolytica. 
'llie smaller number of symptom-free 
cases in this study is possibly attributa- 
ble to the fact that these were all hos- 
pitalized patients, usually with symp- 
toms referable to the gastro-intestinal 
tract. 

Craig" classified symptomatic ame- 
biasis into ( 1 ) carriers with indefinite 
gastro-intestinal symptoms, (2) recur- 
rent attacks of diarrhea, (.3) chronic 
amebic dysentery and (4) those with 
complications. In this series d.-K were 
considered to be carriers with non-spe- 


cific gastro-intestinal symptoms which 
included indigestion, flatulence, ab- 
dominal discomfort, constipation, eruc- 
tation, malaise, fatigue, headache, etc. 
Of these, constipation was most com- 
mon, occurring in 65% of the cases. The 
remaining cases were thought to have 
symptoms attributable to amebiasis. 

No attempt was made to ascertain 
the incubation period in this group, 
but it has been said to be quite varia- 
ble, ranging from several days to many 
months.-® The onset was usually insidi- 
ous, although in approximately 10% of 
the cases it was acute and e.xplosive, in 
most cases in association with a more 
severe form of the disease. This figure 
is in accord with previous estimates." 
The most common symptoms are tabu- 
lated in Table 1. It is immediately 
apparent that in this group of symp- 
tomatic amebiasis diarrhea is the para- 
mount symptom, occurring in 58.6% of 
the cases. The categories of mild, mod- 
erate and severe are purely arbitrar)', 
patients with from 5 to 10 bowel move- 
ments daily being considered moderate 
and comprising the majority of the 
group of those widr bowel frequency. 
Alternate diarrhea and constipation, 
emphasized so strongly by some,--" oc- 
curred in approximately 12.5% of these 
cases, and if combined with those pa- 
tients manifesting diarrhea alone would 
create a figure of 71.1% or nearly 3 in 
4 patients giving a history of diarrhea. 
Abdominal pain has been said to be 
present in 95.4%-' of cases of amebi- 
asis, though in this study its incidence 
was 53%. It was most frequently de- 
scribed as cramping, intermittent, not 
uncommonly generalized, but more 
usually occurring in the lower abdo- 
men or in localized areas of the abdo- 
men. The periodicity of these symp- 
toms was striking, only 10% to 15% de- 
scribing continuous pain or diarrhea. 

The quality of the stool in the his- 
tory varied markedly, some described 
by patients as not abnormal, others as 



DAVIS : AMEBIASIS 


507 


profuse watery diarrhea. Gross blood 
was described by 27.8% of this group. 
Mucoid stools were described by 20.4% 
of the patients. Other less common 
symptoms are depicted in Table 1. Fe- 
ver was described by 11.2% of those 
cases which were not complicated by 
extra-intestinal forms of the disease (in 
contrast to the 55% of those with hepa- 
titis or abscess), a figure approximat- 
ing that of Karl and Sloan, and sup- 
porting the statement of Klatskin-^ that 
slight temperature elevation is fre- 
quent, but that “high fever almost in- 
variably indicated a complication” 
Futcher^** thought that fever usually 
was present at onset, but Craig^^ has 
not found this to be true. Urticaria, 
reported in 40% of one group-® was not 
observed in this series. 

The duration of these symptoms va- 
ried greatly, but the great majority 
(71.4%) exceeded 6 months, a fact 
probably to some extent responsible for 
the frequency of persistent symptoms 
following adequate therapy (vide in- 
fra). Only 3:4% were of less than 1 
week’s duration and 14% had symp- 
toms, usually intermittently, for great- 
er than 10 years, the longest duration 
recorded being 27 years (2 cases). 

Of interest is the fact that 4 cases 
were subjected to appendectomy (3 in 
this hospital, 1 elsewhere) because of 
doubt about the origin of abdominal 
pain. This is a not uncommon source of 
confusion, and Craig^^ thinks that “in 
every individual presenting symptoms 
of appendicitis an e.xamination of tlie 
feces should be made, and if found 
(Endameba histolytica) anti-amebic 
therapy should be tried before surgi- 
cal means unless symptoms are such as 
to demand immediate operation”. In 
one series, a third of the cases of ap- 
pendicitis coming to operation were 
found to have amebiasis,'** and Fausf*' 
states that 10% of cases of appendicitis 
have amebic involvement. It should be 
emphasized that if response to anti- 


amebic therapy in such cases is not 
prompt, surgical measures should be 
taken. Manson-Bahr,®' in a large series 
of cases of amebiasis, found 5.4% com- 
ing to appendectomy and in none were 
Endameba histolytica found. Patho- 
logical examination of the appendices 
removed in this hospital showed no 
amebae, but treatment had been insti- 
tuted in all cases prior to operation. 

Physical Examination. It is a fre- 
quently emphasized fact that the most 
common physical finding in intestinal 
amebiasis is localized abdominal ten- 
derness-’’'’"'-®’-®'-’®'®*' usually about the 
cecum or sigmoid. In a large portion 
of this series the physical examination 
was entirely negative, although certain- 
ly the most common finding was ab- 
dominal tenderness, which was ob- 
served in 45% of the chronic cases and 
65.5% of the acute; in tlie former, ten- 
derness was most common in the right 
lower quadrant, although other areas, 
chiefly left lower quadrant and epigas- 
trium, were frequently sensitive, and in 
the latter, generalized tenderness was 
usually observed. As has been shown 
by others"’®® fever in the chronic cases 
is unusual, being found in only 2.9% 
of this series. Fever was observed in 
50% of the acute cases, and whether 
this is due to secondary infection, as is 
believed by Craig," or due to Enda- 
meba histolytica alone is impossible to 
state with assurance, although in no 
acute cases were pathogenic intestinal 
bacteria recovered, despite adequate 
bacteriologic study. That pyre.via fre- 
quently indicates a complication is evi- 
denced by the fact that 66% of the 
cases of extra-intestinal amebiasis were 
febrile. Browne et al.~ showed that fe- 
ver occurred in 64% of complicated 
cases in contrast to 7.4% of uncompli- 
cated ones. In 25% of tlie chronic cases 
in this series, thickened, easily palpa- 
ble, sometimes tender colons were de- 
scribed. Craig’s" statement that in ev- 
er)' case in the chronic group weight 
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loss occurs is not borne out by the re- 
corded obseiA'ations in this group that 
9% appeared chronically ill and anoth- 
er 3% showed evidence of weight loss. 
Actually the preservation of adequate 
gross nutrition was striking, despite 
prolonged bouts of moderately severe 
dianhea in many instances. 

Opinion concerning indications for, 
and significance of, sigmoidoscopic ex- 
amination vary widely; in his mono- 
graph Craig^^ states that this proced- 
ure should be reserved for cases in 
which stool examinations are nega- 
tive, and that of all cases examined, 
less than 25% reveal lesions. On the 
other hand, typical discrete ulcers have 
been reported to occur in from 21% to 


discharge without fully developed ul- 
cers; and 1 case was found to have a 
venous angioma in the sigmoid. In 8.2% 
of the proctoscoped cases the diagno- 
sis of amebiasis was reached by the 
finding of Endameha histolytica in 
smears from the ulcerated areas, 
whereas in several of these cases re- 
peated stool examination had previous- 
ly been non-productive. The case in 
which the venous angioma was dem- 
onstrated suggests an additional rea- 
son for more frequent utilization of this 
procedure for the revelation of under- 
lying lesions, such as carcinoma, pol- 
yps, lymphopathia venereum, and oth- 
ers, as well as facilitating the diagnosis 
of amebiasis. 


TABLE t. SYMPTOMS IN UNCOMPLICATED INTESTINAL AMEBIASIS 



pen CEMT OF CASES 


r.FNT fiF 


1 

DIARRHEA - TOTAL 

71.1 

5 WEIGHT LOSS 

14.6 


MILO 

MODERATE 

12.5 

31.9 

S FEVER 

11.2 


SEVERE 

alternating oiarrhia 

14.2 

7 FLATULENCE 

8 CONSTIPATION 

9.0 

7.4 


ANO CONSTIPATION 

12.5 

9 'INDIGESTION* 

7.0 

2 

ABDOMINAL PAIN -TOTAL 

53.0 

10 ERUCTATION 

6.9 


MILO 

moderate 

22./ 

23.9 

11 ABDOMINAL DISTENTION 

6.2 


SEVERE 

7.0 

12 TENESMUS 

5.0 

3 

STOOLS - GROSS blood 

27.8 

13 FECAL INCONTINENCE 

2.0 


MUCOUS 

20.4 

14 SYSTEMIC 1 HEADACHE, 
ANOREXIA, malaise. FATIGUE 

28 0 
ETC 

A 

NAUSEA AMO VOMITING 

16.5 


90% of cases, approximately twice as 
often in symptomatic as in asympto- 
matic cases.-^ In contrast to Craig, Al- 
bright aiul Cordon,- feel that all cirses 
.should be proctoscoped. In this series, 
61 patients were sigmoidoscoped and 
of these 37.7% revealed no abnormali- 
ties; those showing significant changes 
included: 21.3%, classical discrete un- 
clennined ulcers with normal interven- 
ing mucos.i; 16.-1%, diffase liyperemia 
without visifde ulceration; 11.0%, ex- 
tensive involvement of the mucosa sug- 
gesting chronic ulcerative colitis; 10%, 
;ireas "of .spotty bleeding and mucoid 


Lauohatohv Data. Of laboratory 
procedures, e.vamination of the stool i.s 
the only method by which a definitive 
diagnosis can be established (c.vclti- 
sive of extraintestinal amebiasis). It 
cannot be overempha.si/ed that great 
technical skill and prolonged training 
;ue prerequisites to adequate e.xamina- 
tion of stool specimens. No physician 
without at least 6 months' training in 
the definitive identification of this para- 
site should attempt to perform siieJi 
examination. Numerous techniipies 
have been utilized in isolating the pro- 
tozoa, from simple unstained suuMfs of 




DAVIS: AilEBIASIS 


509 


the stools to elaborate cultural meth- 
ods. In this laboratory it is felt that a 
minimum of 6 stools should be exam- 
ined, utilizing unstained smears or wet 
stains with Quensel’s stain for tropho- 
zoites in loose stools and zinc sulfate 
flotation for cysts in formed stools. 
These preparations frequently need not 
be stained, but, if necessary, hematoxy- 
lin is adopted. Ameba cultures are re- 
served for those cases in whom several 
stool examinations are negative and in 
whom the disease is clinically suspect- 
ed, or occasionally for confirmation of 
the diagnosis in the presence of cysts 
or trophozoites of uncertain nature; 
however, it is felt that E. coli may oc- 
casionally take on the characteristics of 
E. histolytica in culture and that the 
diagnosis should be made from direct 
stool examination whenever possible. 
Purging is recommended by some to 
facilitate diagnosis, and this procedure 
is utilized in this hospital after several 
negative stools are obtained and clini- 
cal suspicion persists. It must be re- 
membered that purging may hinder 
the demonstration of the organism for 
several subsequent days.-® A frequent- 
ly overlooked fact is that, not uncom- 
monly, previously administered barium 
or bismuth may temporarily eliminate 
E. histolytica from the stools.- Differen- 
tiation of the E. histolytica from other 
intestinal protozoa is beyond the scope 
of this paper, but the difficulty is ob- 
vious when one realizes that 32% of 
these cases had concomitant infestation 
with E. coli, E. nana or Dientameha 
{ vagilis. 

Gross examination of the stool re- 
vealed that in 34% liquid or semi-liquid 
stools were passed by the patient on 
admission; the remainder were formed. 
Gross blood was observed in only 15 
cases (S%), a figure considerably be- 
low the incidence described by the pa- 
tients (vide supra), but tests for occult 
blood were positi\'e in 20.5% of the 
cases. In the great majority of these 


cases stool cultures for intestinal bacte- 
rial pathogens were performed, and in 
only 4 cases (2.3%) were tlie results 
productive, in contrast to the oft-quot- 
ed figure of 10% offered by others.-’^- 

Anemia (hematocrit below 36), 
thought to be common by Futcherj^^* 
was found in only 5% of uncompli- 
cated cases, although it occurred in 
50% of those with complications. 
Likewise, leukocytosis exceeding 
12,000 was present in only 5% of 
cases in whom it could be ac- 
counted for by no other means, though 
65% of those with hepatic complica- 
tions revealed a leukocytosis, usually 
with a shift to the left in the hemo- 
gram. Eleven cases ( 6.2% ) demonstrat- 
ed an otherwise ine.xplicable eosino- 
philia (greater than 10%), a fact that 
is in accord with other reports” in 
which the rarity of eosinophilia is en- 
countered and with the statement that 
one must suspect co-incident infesta- 
tion with helminths when this find- 
ing is noted.- Elevation of sedimenta- 
tion rate was noted in 22% of uncom- 
plicated cases in contrast to the state- 
ment of Klatskin-® that this test is usu- 
ally normal. In hepatic complications, 
sedimentation rate was elevated in 30% 
of cases, a figure considerably below 
the 81% quoted by Klatskin.-® 

The complement fixation test, found 
by Graig” to be highly specific, was 
employed in only 5 of tliese cases and 
in every case it was negative. This re- 
sult lends support to the statements of 
others that with present technique in- 
complete reliance can be placed on 
this test.^^-“ When a more satisfactory 
antigen is available, this test should be 
a most useful instrument, as empha- 
sized by Graig. Attempts to correlate 
agglutinations of E. histolytica cysts 
with infection have been unsuccess- 
ful,-® and to date the complement fi-xa- 
tion is the only serologic test of anv 
desrree of usefulness. 

O 

Barium enemata were carried out in 
74 cases in this series. Of tliese 25 
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were entirely normal. The re- 
inainiiiii 6'6'io revealed abnormalities: 
( a j mucosal pattern, usually in tlie re- 
gion of the cecum or sigmoid, although 
several revealed more e.xtensive in- 
sol vement, (b) 2A"o were reported as 
showing a “spastic colon”; (c) the re- 
maining 9% revealed various evidences 
of abnormality, including polyposis, 
diverticulosis and chronic ulcerative 
colitis. The most characteristic Roent- 
gen-ray changes are said to be cecal 
[regularity and deformity with incom- 
, 1 'tence of the ileocecal valve.^“ Inci- 
lii nce of abnormal findings have been 
wiriously recorded from 26%-'* to 
and our figure falls within this 
'.mge. Craig** feels that barium enema 
I annot be accepted as of much value; 
out our e.xperience in which 9% of the 
' ases demonstrated other abnormalities 
• if significance would lend support to 
till- feeling e.xpressed by Browne et al.' 
that (1) a negative barium enema is 
liflpful in eliminating other diseases, 
1 , 2 ) finding of typical changes tends to 
support the diagnosis and (3) finding 
of granulomatous changes which re- 
spond to anti-amebic therapy is “as- 
suring”. Roentgen-ray e.xamination of 
the chest is almost universally accepted 
as being of value in cases of hepatic 
and pulmonary' involvement* *•-'•“■■*** 
where changes ranging from elevation 
and fixation of the right diaphragm to 
cxleii.sixe pleural and pulmonary in- 
xolvcmeiit are observed. In this series, 
Ml t of cases of hepatic involvement in 
which a chest roentgenograph was 
iii.ulc revealed elevation and fi.xation of 
the right iliaphragm with or without 
atclcet.tsis in the right lower lobe, a 
hgure approximating that of Sodeman 
and l.ewis (SlTI 

tJther laboratory studies were of in- 
loust.int xahie. .Vbnormalities of the 
i!:s!'.e were found in 12' i of cases with 
hfp.itic lc->:i)ns j albuminuria, occasion- 
al i.- iuatiiri.i. pviuia. cylinduria), hut 
i.'t .me intcitinal amebiasis was al- 


buminaria wliich was otlierwise ine.x- 
plicable encountered. Tests of liver 
function revealed significant abnonnal- 
ities in 35% of tliose cases with liver in- 
volvement. Agglutinations for enteric 
pathogenic bacteria were positive in on- 
ly 1 case, though performed in most, 
and 4 patients showed an une.xplained 
monocytosis (11% to 16%). In no case 
were eosinophils reported in the stools, 
although Futcher**' reports that this 
finding was present “in many cases.” 
Charcot-Leyden crystals are said to be 
suggestive of E. histolytica,^^ but were 
described in no case in this series. 

Complications. Endameba histolyti- 
ca is capable of invading practically all 
tissues and organs, but invasion occurs 
as secondary involvement to primary 
intestinal disease in the great majority 
of cases. Involvement of the liver is the 
most common of the more serious com- 
plications. The correlation between liv- 
er abscesses and E. histolytica was first 
pointed out by Councilman and La- 
fleur,*'* but it remained for Rogers'* 
to clarify the distinction between hepa- 
titis and abscess formation. Tlie proto- 
zoan may reach the liver by (a) di- 
rect e.Ktension from the bowel wall, 
(b) lymphatic spread or (c) via the 
portal vein, and after reaching this or- 
gan produces colliquative necrosis and 
disintegration with invasion of sur- 
rounding parenchyma by motile ame- 
bae."^ Liver involvement occurs in from 
22% to 53% of cases at autopsy, though 
clinically from l.S7o to 21% of cases of 
amebiasis have recognized hepatic le- 
sions.** It is probable that many cases 
of hepatitis and abscess are unrecog- 
nized, since autopsy e.xperiences indi- 
cate a significantly greater inci- 
dence,' *•“ though it must be said that 
many fatal cases of amebiasis occur on 
the basis of liver invoKeinent. That he- 
patic manifestations may occur inde- 
pendently of gastro-intestinal symp- 
toms is common knowledge, though by 
correlating clinical and autopsy evi- 
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deuce of enteric disease Rogers** 
found that 96% of hepatic cases had 
concomitant intestinal amebiasis. The 
striking predominance of males 
(86.7%'**) has never been adequately 
explained. A histoiy of preceding diar- 
rhea is obtained in from 25%'*®-^® to 
85%*^* and E. histolytica is found in the 
stool of 11% to 78%.^'* In one series ap- 
proximately 50% had, clinically, abs- 
cess formation, the remaining being 
considered hepatitis.'*'* In this series, 20 
cases (10%) demonstrated liver in- 
volvement, and of these, 17 were con- 
sidered hepatitis, 3 amebic abscesses; 
75% of these cases were found to have 
E. histolytica in the stool, though fre- 
quently only after exhaustive search. 


(84.5%), local pain in the region of the 
liver (75% to 100%), nausea and vom- 
iting (22.1%), weakness, anore.xia, and 
others (52.2%), jaundice (10.5%). In 
this group fever was present in 66%, 
pain in the region of the liver in 85% 
and jaundice in only 5%. The pain was 
frequently sudden in onset and exacer- 
bated by respiratory effort. Its intensity 
varied with the duration, usually being 
more severe in the acute hepatitides, 
and continuous in most cases, irrespec- 
tive of the duration. It is interesting to 
note that 4 cases ( 20% ) had been treat- 
ed prior to the development of hepatic 
complications with anti-amebic drugs, 
usually 6 months to 2 years prior to the 
development of hepatitis, yet these 


table 2. PHYSICAL FINDINGS IN UNCOMPLICATED INTESTINAL AMEBIASIS 


ACUTE 


CHRONIC 


ABDOMINAL TENDERNESS 


65.5% 

TOTAL 

45.0% 

50.0% 

GENERALIZED 

9.0% 

0.0% 

LOCALIZED RLO 

17.0% 

16.5% 

OTHERS 

19.0% 

16.5% 

ABDOMINAL DISTENTION 

5.0% 

0.0% 

UNDERNOURISHED, CHRONICALLY ILL 

9.0% 

16.5% 

PALPABLE, THICKENED COLON 

?6.0% 

50.0% 

FEVER 

2.9% 


and 45% gave a history of antecedent 
diarrhea, one as long as 8 years prior 
to the development of hepatitis. 

Klatskin-'* classifies amebiasis of the 
liver into (a) acute amebic liver abs- 
cess, (b) acute amebic hepatitis, (c) 
sub-acute amebic hepatitis, (d) chron- 
ic amebic hepatitis, (e) chronic 
amebic abscess, though in his series 
none of the latter were observed. 
In this series, there were 4 cases 
of acute hepatitis (20%), 6 cases of 
subacute hepatitis (35%), 5 cases of 
chronic hepatitis (25%), and 3 liver 
abscesses, all of which could be con- 
sidered subacute. Ochsner and De- 
bakey** tabulate symptoms of amebic 
involvement of the liver as fever 


cases were stool positive on admission 
to this hospital. Physical findings could 
be closely correlated with the symp- 
toms, all of these cases appearing acute- 
ly or chronically ill, 85% rev ealing liver 
tenderness, and 80% hepatomegaly, 
(figures which approximate those of- 
fered by other observers)-*-**. 35%- 
showed signs of atelectasis, some with 
pleuriti-s, at the right lung base, and all 
were found to have splinted and ele- 
vated right diaphragms, frequently with 
bulging in the right lower interspaces. 
The frequency of pleurisy with or with- 
out effusion in association with amebic 
hepatitis has led Carruthers'’ to suggest 
that any patient demonstrating tender 
hepatomegaly, high diaphragm and 
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only by (1) the finding by direct ex- 
amination or culture of Endameba his- 
tolytica in the stool, urine, sputum, 
draining sinuses, etc., or from other tis- 
sues, or by (2) the emetin therapeutic 
trial in extra-intestinal involvement. 
The diagnosis can be strongly suspected 
in the presence of a positive comple- 
ment fixation test, but the organism 
must be demonstrated for a definitive 
decision. The disease in which differ- 
ential diagnosis is necessary most fre- 
quently is bacillary dysentery, and the 
accompanying table (Table 3) modi- 
fied from Craig’ ^ outlines the essential 
differential features. 

Tkeatment. Every case, irrespective 
of symptomatology, deserved adequate 
treatment, in view of the known 


of hepatitides) and in all cases of hepa- 
titis, emetine therapy should be insti- 
tuted prior to surgical procedures.” -' 
Opinion concerning its use in intestinal 
amebiasis is divided; some feel that 
emetine should never be used in 
uncomplicated intestinal disease, 
though most observers feel that it is 
useful in alleviating the symptoms of 
acute amebiasis;^’^”'’®'”®’*'’ manv feel 
that in view of the known tissue in- 
vasion in all cases, emetine should 
routinely be combined with iodine or 
arsenical compounds.””’”'”” More re- 
cently emetine administered orally in 
enteric coated tablets has been found 
highly effective and free of significant 
toxic effects in a small series.”'’ Eme- 
tine in combination with bismuth and 


TABLES. DIFFERENTIAL DIAGNOSIS FROM BACILLARY DYSENTERY 

MODIFIED FROM OR A! 6^ 


AMEBIC 

BACILLARY 

CHRONIC, ENDEMIC 

ACUTE, EPIDEMIC 

INCUBATION - DAYS TO YEARS 

INCUBATION USUALLY< 1 WEEK 

USUALLY INSIDIOUS ONSET 

ACUTE ONSET 

SYMPTOMS INTERMITTENT 

CONTINUOUS, DURATION FEW DAYS 

MAY DEVELOP HEPATIC INVOLVEMENT 

LIVER RARELY INVOLVED 

COLON THICKENED WITH LOCALIZED 

GENERALIZED ABDOMINAL 

TENDERNESS 

TENDERNESS 

MODERATE OR NO TENESMUS 

SEVERE TENESMUS 

RARE. IF AN> . ARTHRITIS 

ASSOCIATED ARTHRITIS NOT UNCOMMON 


tissue invasion and the possibility of 
serious complications. The treatment 
of choice remains somewhat proble- 
matic. 

Since Rogers’” hailed emetine as a 
specific curative agent in this disease 
three-and-a-half decades ago, this drug 
has probably been the most extensively 
used of the amebicides. It is a generally 
accepted fact that parenteral emetine 
acts largely on tissue forms and is not 
successful in eliminating intestinal ame- 
bae. That it is the drug of choice in 
extra-intestinal amebiasis is undisputed 
(although in a recent report, it was 
shown bv Conan” that chloroquine was 
effective* in curing all of a small series 


iodine (EBI), has been found the most 
useful medicant by the British. 
Emetine is a toxic drug, the action 
of which is cumulative and the fre- 
quency of untoward side effects is 
widely recognized, and, for that reason, 
it must be used with caution. Enda- 
meba histolytica has been shown to be- 
come resistant to emetine”’”” and 
Manson-Bahr feels that tlie widespread 
use of emetine during the war years 
has been a major factor in producing 
refractory cases of amebiasis.'” In this 
series, emetine alone was used in onlv 
3 cases, 3 of whom had persistent di- 
arrhea following treatment, and one of 
whom was not followed, althougli these 
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with severe chi'onic diarrhea not re- 
sponding to repeated courses of ame- 
bicidal therapy and ileostomy, and 1 
with the classical picture of regional 
enteritis. The remaining 4 deaths were 
due to Hodgkin’s disease (one), tera- 
toma (one), and adenocarcinoma of 
the colon (two). Autopsy was obtained 
in 6, all of whom had adequate anti- 
amebic therapy, and no amebae were 
demonstrated in 5 although present in 
the case with the cerebellar abscess. 
Comment. This analysis of 205 cases 
of proven amebiasis has reaffirmed 
previous reports in which the protean 
nature of the disease with its varying 
clinical course and frequent paucity of 
physical findings have been described. 
Diarrhea has been shown to be the 
foremost symptom and localized ab- 
dominal tenderness the most common 
physical finding. The incidence of com- 
plications has approximated the classi- 
cal figures, that of hepatic involvement 
being foremost, and extension to the 
lungs, peritoneum, brain and elsewhere 
less common. The diagnosis is made on 
the basis of demonstration of E. his- 
tolytica, or a rapid therapeutic response 
to emetine. Treatment is probably best 
accomplished by the use of iodoquino- 
line compounds in uncomplicated ame- 
biasis, Emetine should be reserved for 
severe dysentery (for symptomatic con- 
trol), and extra-intestinal involvement, 
although one could not be condemned 
for combining emetine with arsenical 
or iodine compounds if so desired, and 
the combination of more than one drug 
is indicated in resistant cases. It cannot 
be overemphasized that all patients 
harboring die organism deserve ade- 
quate therapy, and all treated cases 
should be followed with serial stool 
studies and treatment reinstituted if 
relapse occurs. It appears that the feel- 
ing expressed by Adams^ that the actual 
preparation of drugs is less important 
than the period of time over which a 


number of drugs is given can be sup- 
ported. 

That certain cases of amebiasis be- 
come intractible to all therapy has long 
been recognized, and in this series 
one patient died of what seemed to be 
intractible amebic disease. On the other 
hand, the persistence of diarrhea, ab- 
dominal pain and other symptoms sug- 
gestive of tlie persistence of amebiasis, 
in the absence of demonstrable pro- 
tozoa in the stools, has likewise been 
frequently catalogued.--^^-'^ In this lat- 
ter group, it may sometimes be difficult 
or impossible to distinguish the post- 
amebie intestinal changes, from the 
co-incidental occurrence of amebic in- 
fection in patients with spastic or mu- 
cous colitis or chronic non-specific 
ulcerative colitis. The most striking re- 
sult of this study is the fact that in 25% 
of the cases, gastro-intestinal symptoms 
of moderate to severe degree persisted 
after what is assumed to be adequate 
therapy, and that of these 5.9% de- 
veloped or had developed the features 
considered diagnostic of chronic idcera- 
tive colitis, namely, proctoscopic and 
Roentgen-ray changes with persistent 
chronic bloody diarrhea. 

The high incidence of infection in 
asymptomatic carriers engenders doubt 
in the minds of some that the chronic 
diarrhea seen after eradication of the 
orgainsm is the result of its presence 
previously in tlie tissues,^'-* and others 
feel that “many patients become bowel 
invalids because of a neurogenic tend- 
ency,”'* That amebiasis may result in 
chronic ulcerative colitis has been pre- 
\’iously shown'’-*^-*’' and it has been 
suggested that all cases of clironic ul- 
cerative colitis be given a trial of anti- 
amebic therapy.^** In one group of 140 
cases, 29.1% demonstrated persistence 
of diarrhea in the presence of nega- 
tive stools, a figure approximating the 
25% of this series. Craig** emphasizes 
the fact that single attacks of amebiasis 
lusually show no complication compar- 
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uhlf to this, whereas "frecjiieiitly” tliose 
persons with repeated attacks develop 
chronic diarrhea which . . . “may imi- 
tate sprue.” Howard'* found that 73% 
of a small series of ameba “carriers” 
underwent symptomatic relapse after 
adecjuate therapy. 

The difficulty involved in clearly dis- 
tiuj'uisiung those cases of “spastic co- 
lon" with concomitant amebic infesta- 
tion from the cases in which irreversible 
intestinal changes have developed on 
the basis of amebic activity is apparent, 
'rhat post-amebic colitis e.xists is not 
disputed, but that careful study is nec- 
evsarv to establish its presence is 
emphasi/ed. Careful scrutiny of the 
liistories of tliose patients who had 
de\ eloped by the time of admission, or 
subsecjuently developed, chronic ul- 
cerative colitis reveals evidence that in 
at least 9 of the 12 cases, the history 
.ind physical findings, correlated with 
the original proctoscopic e.xamination, 
strongly suggest an amebic patho- 
genesis of the chronic disease of the 
colon wall. In 3 cases the evidence was 
e(jui\ocal. The majority of cases de- 
monstrated temporary improvement in 
ssmptoms and in proctoscopic findings 
coincident with anti-amebic therapy, 
only to relapse at a later date without 
esidence of E. Iii-^tolytica in the stools. 

Of the remaining 19.1% of our pa- 
tients, in whom abnormal intestinal 
svnijitoms persisted, usually iutennit- 
tent diarrhea and abdominal pain, 
m.my have received subserpient courses 
of amebicidal drug-., frerpienlly with 
t< mporarv improvement, though .symp- 
tojinitic rel.ip->e was forthcoming, and 
m till se patients proctoscopy revealed 
either normal mucosa or diffu.se hy- 
jiereiiii.i. Nine cases ( h l'i ) liad dise.ise 
of tic- I.irge inti-stirn- which tonhl ac- 
t.aint, .it least ill part, for the svinji- 
t-an. S ihv. rticulosis. 1 polyposis; but 
ti.- rtm.amhr isad no evidence de- 

I. /;,.‘rih!e (i! !>t.*,< r ths<'.l.<' priA’ej.si-s, 

i r sht rapv -.-..is nut.dily unsatis- 


factory in this group. In 16% of the 
group with persistent symptoms, it was 
felt tliat a large personality element 
was involved, and the patients were 
discharged with diagnoses of “gastro- 
intestinal neurosis,” “spastic gastro- 
intestinal tract,” and the like, although 
symptoms referable to the gastro-intes- 
tinal tract prior to the onset of symp- 
toms which suggested amebiasis were 
usually absent. Unfortunately, defini- 
tiv'e personality studies were not carried 
out in the great majority of these pa- 
tients. 

The fact that 25% of the patients seen 
in this hospital in whom amebiasis was 
diagnosed continued to have symptoms 
after tieatmeut demands that, in the 
future, careful study of personality, 
large bowel mucosa, and therapeutic 
response be made in all cases harbor- 
ing this parasite. Follow-up studies 
must be cautious and prolonged, and 
therapy reinstituted in the presence of 
a relapse. Care must be taken to avoid 
over-treatment with emetine and to 
provide proper general medical and 
hygienic care with special emphasis on 
avoiding the “bowel consciousness” at- 
tendant on the development of such a 
disease, and psychiatric therapy insti- 
tuted when necessary, though it seems 
probable from this study that tiie per- 
sonality factors are less prominent in 
persistent post-amebic diarrliea than 
lias been ernpliasi/.ed by some. 

SuM.M.visY. 1. 'I’lie 205 cases of prov'- 
en amebiasis seen in The Johns IIop- 
kiiis Hospital in tlie period e.xtending 
from 19>6 to 1916 inclusive iiave iji-en 
reported. 

2. 'I'he symptoms, physical findings 
.mtl laboratory data h.ive agreed rela- 
tively closely with tliose previously cle- 
serihed. 

3. The incHlfMce of post-amehic 
stiiol-neg.itivi; diarrhea has beeu shown 
to he 'Z7< and the tot.il incidence of 
tlevelopmriit of chronic ulcerative eoli- 
th, to Ik- .5.*/^'. 
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4. More careful case analysis and fol- author wishes to acknowk-dgo the atl- 

low-up studies in large series of patients yjf'S assistance of Drs. I'rcdcrick J3an^. 

. , ^ 1 . . ^ 1 ^ Vivian b. Sniith, and Heniainin Baker in 

With amebiasis are encouraged. preparation of tin's inami.script. 
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The subject of non-suppurative thy- 
roiditis has been of interest mainly to 
the surgeon and pathologist because 
tire diagnosis has usually been made 
only at the operating table or in tire 
pathologist’s laboratory. Indeed no 
necessity for distinguishing between tire 
various forms existed since the therapy 
for all forms of thyroiditis was the 
same; i.e. thyroidectomy. We believe 
that it is possible to distinguish one 
group of cases— subacute thyroiditis- 
in which the diagnosis can be made 
preoperatively with reasonable cer- 
tainty and in which operation may not 
be necessary. 

Cases of non-suppurative, nonspecific 
thyroiditis have been broadly classified 
into Hashimoto’s struma (struma lynr- 
phomatosa) and Riedel’s struma 
(struma fibrosa) after the two men 
who first carefully described the patho- 
logical and clinical manifestations of 
the respective conditions. Generally in- 
cluded in with the struma fibrosa group, 
either as a recognized named variant 
or not, is a third group of cases, first 
studied in detail by DeQuervain^ in 
1904 and carefully reviewed and classi- 
fied by him in 1936.® This groujr has 
been variously titled subacute thyroid- 
itis, giant cell tlryroiditis or pseudo- 
tuberculous thyroiditis according to 
whatei'er characteristic impressed the 
particular padiologist reviewing the 
slides. It is this last group of cases 
that we believe forms a distinct patlro- 
( 518 ) 


logical and clinical entity, and is not 
merely a stage in the formation of an 
eventual struma fibrosa. This view was 
e.vpressed originally by DeQuervain® 
and more recently by Crile.® 

A word of historical clarification 
might be in order concerning Riedel’s 
struma. In 1896 and 1897 Riedel--'*® 
described 3 cases of “iron hard” thyroid 
enlargement which he wished to dis- 
tinguish from carcinoma. Following 
thereafter other similar cases were re- 
ported by Tailhefer,®® Silatschek,-'' 
Spannous®® and Carle.^- 

When tlierefore in 1910 Riedel'-’^ pre- 
sented a 15 year follow-up of 1 of his 
original cases he could describe a typ- 
ical case as one occurring in a young 
individual who would present signs of 
a subacute enlargement, and induration 
of the thyroid accompanied by severe 
dyspnea. Duration of symptoms was 
short; 6 weeks, 8 to 10 weeks and 6 
months in the 3 original cases. All pa- 
tients were afebrile and all goiters were 
non-tender. 

The original microscopic descriptions 
were not very detailed, mentioning 
only an accumulation of round cells 
and spindle cells which appeared to 
crowd out the normal follicles, a slight 
endarteritis and a rapid growtli of 
young connective tissue. From this, it 
is quite apparent* drat he did not de- 
scribe the painful, febrile type of thy- 
roid enlargement which characterizes 
subacute thyroiditis. If we wish to be 
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accurate in our classification, vve should 
limit the term Reidel’s struma to those 
cases conforming most closely to the 
clinical and pathological description 
mentioned, with the realization that 
many unrelated conditions will be in- 
cluded until discovery of etiological 
factors makes classification more ra- 
tional. 

In 1912 Hashimoto’^ described an- 
other form of difituse enlargement of 
the thyroid gland characterized micro- 
scopically by diffuse lymphocytic in- 
filtration and destruction of acinar 
elements. He distinguished this condi- 


Eckerson," McClintock and Wright,-'^ 
Lee,’^‘ McSwain and Moore,-^ Gra- 
ham,^® Crile,^ Schilling-’’ and Marshall'*^ 
have thrown the balance of opinion in 
favor of this later view. Particularly 
convincing is the fact that several au- 
thors-'^^'-®--^ have reported cases of 
struma lymphomatosa, with further 
operation after intervals up to 4 years 
in which the microscopic picture 
undenvent little or no change. How- 
ever, it must be admitted that some 
glands are encountered which have 
characteristics of both conditions and 
suggest that a borderland between 
the struma lymphomatosa and fibrosa 


TABLE I. -- SUBACUTE THYROIDITIS 
Microscopic Pathology 


Infiltration 

Lymph follicles with Lymphocytes R 



Type of Involvement 

Tubercles 

Giant Cells 

Fibrosis 

germinal centers 

Plasma cells 

Poly 

M.R. 

P 

Numerous 

Numerous 

Dense 

0 

NuTierotfs 

2'- 

\I.M. 

D 

Numerous 

Numerous 

Dense 

0 

.Vumerous 

3<- 

•C.G. 

D 

Moderate 

Moderate 

Dense 

0 

^‘irrcrous 

D 

G..J. 

D 

Numerous 

Moderate 

Dense 

occ. 

NWe rous 

0 

"S.N. 

L 

N\imerous 

Numerous 

Mod. dense 

0 

Numerous 

3>- 

M.L. 

L 

Numerous 

Numerous 

Dense 

occ. 

iNWerous 

2' 

D.K. 

D 

Numerous 

Numerous 

Dense 

n 

Numerous 

3' 

S.G. 

D 

Numerous 

Numerous 

Dense 

0 

Numerous 

4*- 


D “ Diffuse 
L “ Localized 

'Snail adenoma present 
"Colloid adenoma present 


tion from the specific thyroiditis, syph- 
ilitic, tuberculous, et cetera, and also 
from Riedel’s struma. 

Ewing'^ in 1922 expressed the opinion 
that Riedel and Plashimoto had de- 
scribed different stages of the same 
disease. This view held sway until 
Graham® in 1931 reviewed the 104 re- 
ported cases that could be found and 
by contrasting the clinical courses con- 
cluded that the two conditions were 
clinically and pathologically distinct. 
Since then reviews by Joll,*‘ Clute and 


may e.xist. Graham'® in 1940 stated 
that “the microscopical findings alone 
are not sufficient to distinguish be- 
tween Hashimoto and Riedel’s or 
between these and certain cases of 
e.\ophthalmic goiter, chronic inflamma- 
tion, degeneration and fibrous replace- 
ment in and around adenomata and 
involutional chaimes in senilitv'.” 

From 1595 thyroidectomies per- 
fonned in the past 8 \’ears, we have 
selected 24 cases of non-specific thy- 
roiditis and find that they follow the 
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following 3 subgroups: Pseudotubercu- 
olus subacute tlryroiditis, struma fibrosa 
and struma lymphomatosa. An illustra- 
tive example of each is presented. 

PSEtmOTUBERCULOUS, SUBACUTE THY- 
ROIDITIS— 8 CASES, Incidence 0.5%. 

Clinical Characteristics. These pa- 
tients usually have no previous history 
of thyroid dysfunction or of any other 
endocrine disorder. The age range is 
wide, from 10 to 65 years, in the cases 
of DeQuervain, the largest number oc- 
curring in the second to fourth decades. 


rynx or referred to the ear, was the 
outstanding symptom in all cases and 
in 6 of the 8 cases was the initial symp- 
tom. Associated with the pain was a 
tender enlargement of the thyroid, 
eitlier diffuse or localized, and symp- 
toms of tracheal pressure such as 
hoarseness, cough, choking sensations, 
pain on swallowing and dysphagia. 
Fever, at some time during the course 
of the illness, appeared as the most 
common sign of systemic disease, being 
present in 6 cases. Of the 6 febrile 


TARlt U - ANALYSIS OF 24 CAStS OF NOA-SPfcClFlC naHOlDlUS 



Subacute Thyroiditis 

Riedel's Struma 

Fashimoio’ s btrunta 

Cases 

B 

7 

0 

Age Range 

36-61 years, Averape t3 years 

37-53 years. Average 46 years 

6-53 yrs Average 38 yrs 

Post Menopausal 

2 cases 

S cases 

3 cases 

Symptoms Duration 

2 ueeks to 1 year 

6 weeks to T‘j months 

2 months to 20 years 

Thyroid enlargement 

Moderate m sue, iniariably 
tender 

. Relatively rapid growth, non- 
tender and bulky 

Slow growing, bulky and 
non-tender 

Paxn 

present and severe in almost all 
cases 

Absent in all cases 

Absent in all cases 

Tracheal pressure 

Present in some form in all cases 
and iroderatc 

Present in only 2 cases 

present in 1 case 

Fever 

Present at some time in almost all 
cases 

Absent tn all cases 

Absent in all cases 

iSeight Loss 

Present in the majority of cases, 
usually 10*12 lbs 

Present in only 1 case 

Present in only 1 case 

Preoperatxve thyroid 
dysfunction 

Hyperthyroidism in 1 case 

Hypothyroidism in 2 cases 

Absent 

Signs 

Firm, or hard, tender, bilateral 
enlargement, 2-3 x normal sue 

Firm, hard, nodular, bilateral, 
non-tender enlargement 

Firm, bilateral, non- 
tender enlargement 

Laboratory Data 

Sedimentation rates elevated. RMR 
elevated moderately. Low scrum 
cholesterols 

Low RMlVs in 2 cases 

No abnormalities 

Operative Findings 

Gland usually adherent to muscles, 
friable and poorly vascularixed 

Gland usually deeply fixed to 
surrounding muscles, firm 
fibrous and avascular 

birm, nonadherent gland 

Pathology 

Average amount of tissue removed 

24 gm. Dense cellular connective 
tissue. Well formed tubercles 
with giant cells and histiocytes 
and small round cells. Clusters 
of polymorphonuclears. 

Average amount of tissue removed 
42 gra. Massive destruction of 
thyroid acini. Increase of 
intcracinar connective tissue. 
Dense plasma cell and round 

Cell infiltration 

Average amount of tissue 
removed S7.7 pm. Diffuse, 
dense infiltration by 
lymphocytes with numerous 
follicles. Marked 
acidophilic degeneration 
of acinar cells 

Therapy 

Thiourea derivatives, x-ray therapy 
Thyroidectomy 

Conservative thyroidectomy 

Subtotal thyroidecto.'ny 


Our cases in this group range from 36 
to 61 years, averaging 43 years. Fe- 
males predominate in this series 7 to 1. 
Crile’s^ cases showed a 6.T ratio and 
DeQuervain’s a 2.T female-male ratio. 
Only 2 of the women were postmeno- 
pausal, surgically induced in both. Four 
of the women had had pregnancies in 
the past. Symptoms of local and sys- 
temic disease were present though the 
former predominated. Pain, in the thy- 
roid region of the neck or in the pha- 


cases, the pyrexia was present at the 
onset, in 3 cases, and 4 were febrile 
at the time of operation. Nothing char- 
acteristic was found in the temperature 
curve. One patient ran a spiking tem- 
perature to 104 daily, others stayed 
consistently at 101 to 102. Duration of 
fever was from 2 days to 8 weeks. A 
significant weight loss of 10 to 12 lbs. 
was noted in 5 cases. Only one patient 
presented clinical evidence of hyper- 
thyroidism including nervousness, pal- 



SUBACUTE THYHOIDITIS, STRUMA FIBROSA AND STRUMA LYMRIIOMATOS.V 521 


pitation, tremor and heat intolerance, 
which preceded the onset of fever by 
several weeks. The details are given 
later in Case 1, The duration of symp- 
toms ranged from 2 weeks to 1 year, 
with 6 cases less than 2 months. 

At physical examination, the thyroid 
was usually found to be enlarged 2 to 
3 times the normal size, either firm or 
stony hard, and invariably tender. Bi- 
lateral involvement was apparent in 6 
of the 8 cases. No enlarged cervical 
lymph glands were ever palpated. In 
only 1 case was the trachea clinically 


At operation the glands encountered 
were pale gray and very hard. Some 
were described as woody and others 
as stony hard or cartilaginous in con- 
sistency. In o of the cases, tlie thyroid 
was adherent to surrounding muscles. 
In 4 cases the gland was described as 
friable or brittle and in 3 cases poor 
vascularity was commented upon. A 
bilateral subtotal thyroidectomy was 
done in all but 1 case. The postoper- 
ative course was invariably uneventful. 
Follow up examinations were unfortu- 
nately not obtainable. 



Fig. 1 A.-Sub.icute Thyroiditis: A UTiic.il tubercle consisting of a surrounding 70110 of round colls and 
dense connective tissue and .sever.il muUinuclo.ilo giant cells r.idially .irr.mgod .ibout .1 leiitr.il drop ot 
colloid (X 84 ). 


deviated from the midline. In one other 
case, the skin of the neck was red and 
warm. Laboratory data yielded little 
v'aluable information. Sedimentation 
rates, when done, were markedly ele- 
vated. White counts were slightly in- 
creased. Four patients who were febrile 
during hospitalization had elevated 
BMR’S of -f7, -f24, -f30 and -f55. 
Serum cholesterol determinations in 
those 4 cases were 132, 174, 141 and 
141 per 100 cc. respectively. Kline tests 
when done were negative. 


Etiology: The etiology of the disease 
is completely obscure. The work of the 
past is difficult to unravel since the 
condition when encountered clinically 
and allowed to subside spontaneously 
has been called acute or subacute non- 
suppurative thyroiditis. Yet the same 
svndrome when operated upon has 
been called Biedels disease. Tims De- 
Courcy^ in discussing the role of peri- 
thyroiditis in the etiologi' of what he 
supposed to be Riedel's struma was 
actually studying 2 cases of non-suj)- 
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purative thyroiditis. Crile,“ on the other 
hand, demonstrated by biopsy his 
view that the two conditions were iden- 
tical. All attempts to isolate a bacterial 
agent have been unsuccessful. Blood 
cultures during the acute stage of 1 of 
our cases were uniformly negative. It 
is also hardly conceivable that a febrile 
condition going on for weeks to montlrs 
could be due to a reaction of the gland 
to direct invasion or toxic effects of the 
ordinary bacteria of the nasopharynx, 
as maintained by Schilling.-® Sufficient 
numbers of cases have been treated 
with penicillin and sulfadiazine, in 


Pathology and Pathogenesis: Grossly, 
the gland appears to be uniformly in- 
volved and to be firm in consistency, 
grey white or pale brown in color and 
dense white fibrous strands can be seen 
traversing the cut surface. The average 
amount of tissue removed in the bi- 
lateral subtotal operations was 24 gm. 

On microscopic examination, the 
following features are apparent: 

(1) A dense, young, cellular, con- 
nective tissue proHferation circumscrib- 
ing the lobules and separating them 
widely. 

(2) Destruction and degeneration of 



doses adequate to control the bacteria 
of the respiratory tract, without affect- 
ing this syndrome, to make it unlikely 
that these bacteria are the etiological 
agents. No virus work has been done. 
Tuberculosis and syphilis are effec- 
tively eliminated as etiological agents 
by the uniform absence of tubercle 
bacilli and negative serological studies. 
The entire syndrome and pathological 
picture seems to suggest an acute in- 
flammatory reaction rather than a de- 
generative one. 


thyroid acini with the formation of 
tubercles containing giant cells which 
appear to be phagocytosing a central 
drop of colloid. 

(3) A moderately dense inflamma- 
tory infiltration of the interstitial tissue 
by small round cells, mononuclear cells 
and plasma cells. 

(4) A scattered, focal accumulation 
of fresh and degenerated polymorpho- 
nuclear leukocytes found centered in 
tubercles aird in and around degener- 
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ated thyroid acini. This was found in 
all cases but 1. 

(5) Many lobules of thyroid acini 
which contain colloid and appear to be 
completely uninvolved. 

From these features it is apparent 
that all parts of the gland are not in- 
volved equally or simultaneously. It 
would seem, then, that the destructive 
or inflammatory forces do not act at 
one time, but rather continue to pro- 


point serves as a focus for entry of 
tissue histiocytes which can be seen 
entering in large numbers from the 
fibrous tissue. These histiocytes appear 
singly to phagocytose colloid. In other 
follicles, the entire lining epithelium is 
degenerated and desquamated into the 
center of the follicle and large numbers 
of histiocytes enter and coalesce to 
form radially arranged giant cells. 
These tubercles form a characteristic 



Fjc. 2.— Riedel’s struma: Plasma cell and lymphocytic infiltration, matsirc destruction of acini and 
pronouiicfcl incre.TiC in coll.iuenoin. tisiiie (X 322). 


duce changes during tlie entire course 
of the disease. It is our belief that the 
initial inflammatory process begins in 
the interstitial tissue surrounding those 
thyroid acini which are at tlie pe- 
riphery of the lobule. Monocytes and 
small round cells infiltrate the follicle 
wall and lodge in the colloid. Study of 
serial sections reveals that at some point 
a breach in the wall is made and the 
lining epithelium is destroyed. This 


lesion of the disease. Clusters of poly- 
morphonuclar leukocytes are found 
inside and around some of the tuber- 
cles. No other form of tliyroiditis pre- 
sents a clearly formed tubercle. In the 
healing stage the colloid disappears 
from the center of the tubercle and it 
undergoes fibrous organization. 

Therapy: The tendency of this dis- 
ease is toward spontaneous remission. 
However, the course mav be a matter 
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of months and be quite uncomfortable. 
The use of thiouracil and Roentgen- 
rays®'-- has seemed to shorten the 
course and these are probably the 
treatment of choice. Crile® reports that 
600 to 800 Roentgens to tlie neck effect 
a complete remission in a few weeks 
and that pain and temperature subside 
in a few days. 

Case C. G., 36 year old white female. 
Present Illness: About 1 montli before admis- 
sion the patient noted increasing nervousness. 


blood pressure 120/60, pulse 120, respiration 
20. The patient was thin and agitated. No 
ocular signs of hyperthyroidism were present. 
The trachea was in the midline. The thyroid 
was visibly enlarged, tender, stony hard and 
2 to 3 times normal size. No other unusual 
physical findings were apparent. 

Course: The patient ran a persistent fever 
of 101 degrees and penicillin 400,000 units 
daily was given intramuscularly every 3 horns 
for 1 week. This produced no apparent effect 
on the process. Lugols 10 mm., 4 times a 
day was given concomitantly without notice- 
able effect. The laboratory data showed Kline 



Fig. a.-Hastumoto’s stnuna; Showing the diffuse nature of the lymphocytic infiltration, the small size of the 
.acini, and the hypertrophy of the lining cells. One large l>niph follicle with a germinal center is seen (X 84). 


palpitation, tremor of the hands and marked 
intolerance to heat. A choking sensation and a 
swelling of the anterior aspect of the neck 
were noted. Menses became irregular. She 
lost about 15 pounds. Two weeks later she 
began to feel an e.xquisitely tender swelling 
of the thyroid and marked pain on swallow- 
ing. A persistent diarrhea began and she be- 
came febrile with spikes of temperature to 
102 daily. 

Personal History: Unmarried, no illnesses 
other tlran childhood diseases. One sister had 
a to.xic goiter. 

Physical Examination: Temperature 101, 


test negative. Sugar 94 mg. per 100 cc., Total 
Cholesterol 141 mg., 24% free. Total Protein 
8.0 gm.%. Albumin 4.4, Globulin 3.6 
gm.%. Blood culture-sterile. Hb 80%, 
WBC 7,700 (Polys. 68%, Lys. 28, Monos. 
1%, Eos. 2, Bas. 1), Urine neg. Sedimenta- 
tion rate 80 mm./hr. Chest ,\-ray negative. 
ECG-sinus tachycardia, right axis deviation. 
BMR-i-30% on admission and -}-16% after 1 
week of bed rest. A bilateral subtotal thy- 
roidectomy was performed while the patient 
was febrile, her postoperative course was 
smooth and she became afebrile 2 days later. 

Operatice Findings: A gland, diffusely en- 
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larged to 3 times normal size, very friable, 
firm and grey white was found. The histo- 
pathology is shown in Figure 1. 

Riedels Struma (Struma Fibro.sa). 
7 cases. Incidence 0.44%. Clinical Char- 
acteristics: These cases all presented a 
picture of painless, relatively rapid, 
bulky, thyroid enlargement. The aver- 
age duration of symptoms was 1.8 
months, varying from 6 weeks to SVz 
months. All patients were women, 
though this is not the usual rule and 2 
of Riedel’s cases were men. The aver- 
age was 46 years. Six of the women 
had had 1 or more pregnancies and 5 
of them were beyond the menopause. 
In only 1 patient did this struma de- 
velop on the basis of a jore-existing 
syinptomless goiter. This duration is 
considerably shorter than other re- 
ports, and may account for the 
fact that very few of our cases ex- 
hibited the severe dyspnea or choking 
sensations of 'Riedel’s original cases. 
Only 1 patient complained of difficulty 
with deglutition and a sensation of 
tracheal pressure. Two patients were 
clearly in an early phase of hypofunc- 
tion, which though not clinically ap- 
parent presented itself through low 
BMR’s, low voltage ECG’s with iso- 
electric T waves and an elevated serum 
cholesterol. 

On physical examination, all the 
glands were described as firm or hard 
and many felt nodular. Involvement 
was usually more prominent on one 
side or anothei*. Laboi'atory examina- 
tion e.xcept in the hypothyroid cases 
was noncontributory. 

Since these symptoms and signs are 
not distinctive, the diagnosis is not fre- 
quently made preoperatively. Actually 
the differential diagnosis between this 
struma and carcinoma is so tenuous, 
that operation is mandatory. 

At operation, the glands were found 
to be firm, fibrous, avascular, and two 
w’ere deeply fixed to the surrounding 


structures. Subtotal thyroidectomies 
were done in all 7 cases. 

Pathology: The average amount of 
tissue removed was 42 gm. varying 
from 27 to 56 gm. The specimens ap- 
peared to be pale brown or grey, firm 
and fibrous. 

All glands were diffusely inv'olved 
and approximately to the same degree, 
though varying widely among each 
other. The outstanding features were: 
I, A dense, diffuse plasma cell and 
lymphocytic infiltration, 2, Massive de- 
struction of thvroid acini with virtual 
disappearance of all colloid and an 
acidophilic swelling and degeneration 
of acinar epithelium. 3, A pronounced 
increase in fibrous tissue mainlv of a 
coarse interacinar type. Giant cells 
were found in several cases but these 
were not in the form of tubercles and 
were usually found in the lumina of 
acini with an intact lining epithelium. 
There were no clearly distinctive patho- 
logical features uniting all cases in this 
group just as Riedel's original cases 
were not homogeneous. 

Etiology: Jaffe^^ in 1937 reported 4 
autopsy cases in which a dense lympho- 
cytic infiltration, a varying degree of 
fine and coarse fibrosis, absent colloid 
and desquamation of lining epithelium 
was noted in the thyroid. The cases 
were all women who had undergone 
long and debilitating diseases. He also 
reviewed cases of Addison’s disease and 
found an associated dense lymphocytic 
infiltration and fibrosis of the thyroid 
in 4 of 11 cases. Woinach"'^ also noted 
that pathological changes similar to 
those described by Riedel may be asso- 
ciated with adrenal cortical insuffi- 
cienev. However, none of our cases 
exhibited any evidence of a pluriglan- 
dular disorder or of a concomitant de- 
bilitating disease. 

O 

In view of the clinical course it does 
not seem as though this clinico-patho- 
logical picture is tlie end stage of a 
process which has first gone through 
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consensus of all reviewers that about 
40 to 60% of these patients will require 
thyroid extract postoperatively. 

Physical examination revealed only a 
somewhat firm, bilateral thyroid en- 
largement. Laboratory examinations re- 
vealed a serum cholesterol in the high 
normal range in the 4 cases in which 
it was performed. Basal metabolic rates 
were within normal limits, but were 
done in only 4 cases. Blood counts did 
not reveal any relative lymphocytosis. 

Operative findings consisted of an 
enlarged, somewhat firm gland. Only 
1 gland was noted to be adherent to 
muscles and this was one to which 
Boentgen-ray therapy had been given 
3 months preoperatively. In 1 odier 
case, the trachea was noted to be angu- 
lated and narrowed. A subtotal thyroid- 
ectomy was performed in all cases but 
one in whom a total removal was 
effected. 

Pathology: The amount of tissue re- 
moved averaged 57.7 gm. ranging from 
11.5 to 138 gm. The tissue appeared 
firm grey or pale-brown and homo- 
geneous. On microscopic e.xamination, 
the presence of all the following char- 
acteristics were used in selecting cases. 

1. Diffuse involvement of the entire 
gland to the same extent everywhere. 

2. A d^nse infiltration with lympho- 
cytes spread diffusely throughout the 
parenchyma and also found in focal 
collections with true germinal centers. 

3. A marked swelling of the acinar 
lining cells in which granular, eosino- 
philic cytoplasm and large, hypochro- 
matic nuclei are noted. 

4. Small acini with slit-like lumina 
containing almost no colloid. 

5. Verj' little or no increase in fibrous 
tissue. 

Etiology: The only experimental ap- 
jrroach was that of McCarrison^^ who 
claimed to have produced, in rats, a 
microscopic picture resembling struma 
lymjrhomatosa of humans by feeding 
a diet deficient in vitamins (wheat. 


meat residue, olive oil and potassium 
iodide). The work has never been con- 
finned or e.xpanded. It is interesting to 
note that the peculiar acidophilic de- 
generation of the acinar cells resembles 
closely the changes produced by tliiour- 

acil.147,20 

Therapy: Roentgen ray therapy has 
caused some moderate degree of res- 
olution of the tumor in many cases. 
However, thyroidectomy appears to 
be more satisfactory and a conservative 
removal is indicated. 

Case C. F., VA years old white femaie. 
Present- Illness: for I'A years a progrcssi\e 
swelling of the base of the neck wa.s noticed 
by the child’s mother. There were no .isso- 
ciated symptoms of pressure or pain. Xu 
personality changes, or heat or cold intoler- 
ance, or weight changes were noted. 

Past History: The physical and mental de- 
velopment as judged from the age at which 
the child walked and talked were within 
normal limits. The child did well in school. 
Measles, mumps and chicken po\, without 
sefiuellae were the only childhood disc.iscs. 
A tonsillectomy had been performed 1 year 
before the onset because of recurrent bouts 
of tonsillitis. 

Family History: Hypertension was pres- 
ent in both paternal grandparents. There 
were no known endocrine disorders. The pa- 
tient had 2 sisters, 13 years and 5 years of 
.ige, in good health. 

Physical Examination: Blood preessure 
115/85, pulse 96. temperature 100.2. The 
child was well developed and nourished, 
alert and cooperative. .A finn, somewhat 
nodular mass was present in the neck att.ich- 
cd to the trachea. There were no other plusi- 
cal findings of significance. 

Coarse in Hospital: The clinie.il di-iirnosis 
was a nontoxic nodular goiter. lib 77%. W'^BC 
10,400 (polys. 79%, Ivs. 16. .Monos 5). \ 
subtotal thyroidectomy w.is performed. Tlie 
postoperative course w.is uneventful. .Ibuut 
•3 months after the operation, the child be- 
gan to gain weight rapidlv, her eyelids be- 
came edematous and the BMR w.is found to 
be — 20Cr. ThyToiil, Vz gr. daily w.xs i:i\tn with 
complete remission of s\ mptoms. Eight montlis 
after the operation. x-r.i\s of wrists, elbows 
and knees showed normallv developed epi- 
phvses. Cholc.stcrol w.ls 23-3 mg. per 100 cc. 
.md B.MR— S%. The child w.xs .uhnitted to 
the hospital for re-evaluation I’l vears liter. 
She had been maintained on tlivroid evlr.iet 
during lh.it jx-riod, with nonn.d growth .iiul 
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mental development. Her laboratory work up 
showed a cholesterol of 204 mg., calcium 10.8 
mg., phosphorus 5.3 mg., and alkaline phos- 
phatase 8.0 units, BWR— 17%. 

Pathology: The specimen consisted of 2 
portions of tliyroid tissue weighing 22 gm. 
The cut section was pale, tan, homogeneous 
and meaty in consistency. On microscopic 
e.xamination, the gland appeared to be uni- 
formly involved, and diffusely infiltrated by 
lymphocytes. Numerous germinal centers were 
present, acini were small, round and con- 
tained little colloid. Acinar cells were low 
to high cuboidal showing a typical acidoph- 
ilic degeneration. There was no increase 
in fibrous tissue. Figure 3. 

Summary. A total of 1,595 thyroid- 
ectomies performed since 1940 has 
been reviewed and 24 cases of non- 
specific thyroiditis were selected for 
analysis. 

Eight cases formed a closely knit 
clinical and pathological entity charac- 
terized clinically by painful, febrile, 
rapid enlargement of the thyroid with 
a high incidence of symptoms of 
tracheal pressure and pathologically by 
the finding of numerous tubercles and 
giant cells but no tubercle bacilli; 


presence of dense fibrous connective 
tissues and presence of polymorpho- 
nuclear leukocytes in clusters within 
the tubercles. This is the subacute, 
pseudotuberculous thyroiditis group. 

Seven cases corresponded rather 
closely to the original Riedel’s struma 
and were so classified. Painless, rela- 
tively rapid, extraordinary firm thyroid 
enlargement was the clinical aspect 
and a pronounced diffuse fibrosis and 
lymphocyte and plasma cell infiltration 
were the pathological findings. 

Nine cases of struma lymphomatosa 
were reviewed and so classified on the 
basis of 'a slow, large, painless thyroid 
growth displaying on microscopic ex- 
amination a diffuse infiltration by lym- 
phocytes with numerous follicles con- 
taining germinal centers, acidophilic 
degeneration of acinar cells and little 
increase in fibrous tissue. The young- 
est case on record in a child of six was 
reported. 

The similarities and differences be- 
tween the various groups was discussed 
and the literature reviewed. 


We wish to tliank Drs. Henry W. Louria, Frank Teller and Lewis H. Berson for pennission 
to use tlieir cases. 
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It is definitely established that the 
existence of arterial hypertension be- 
fore or during a pregnancy constitutes 
a complication of dangerous potential- 
ities to the pregnancy. Also, the onset 
of hypertension during pregnancy all 
too trequently results in persistent hy- 
pertension for the mother. Our interest 
has been in hypertensive disease in 
general, and particularly in the surgical 
ti'eatment of this disease. But problems 
of pregnancy in varied aspects have 
frequently confronted us in our man- 
agement of hypertensive females by 
splanchnicectomy. It thus appeared 
advisable to investigate the relation- 
ship of the operation of splanchnicec- 
tomy to hypertensive disease of preg- 
nancy. 

Since November 1933 more than 
2000 hypertensive patients have been 
treated at the University Hospital \vith 
the surgical procedure of bilateral su- 
pradiaphragmatic splanchnicectomy 
and lower dorsal sympathetic ganglio- 
nectomy. Half of them were females. 
Thirty-seven per cent of these women 
were less than 40 years old at the time 
of operation and thus were in the child- 
bearing age; 28 of them became 
pregnant after operation, with and 
without our counsel. The results of 34 
pregnancies in these 28 splanchnicec- 
tomized patients are reported here. 


During the past 5 years splanchnicec- 
tomy was performed during the second 
trimester of pregnancy in 5 additional 
cases, each suffering from severe tox- 
emia superimposed upon prepregnant 
hypertension. This is a new therapeutic 
approach to a serious and vexing spe- 
cialized problem. 

Many observers^’^'^®'^* have postu- 
lated that hypertension of pregnancy is 
merely an accentuation of a frank or 
latent hypertension which existed prior 
to pregnancy, and some believe that a 
to.xemic pregnancy does not injure nor- 
mal vascular and renal systems. There 
is no unity of opinion concerning this 
important matter. It also has been gen- 
erally assumed that females whose hy- 
pertension originates during pregnancy 
do not differ clinically from females 
whose hypertension is in no way re- 
lated to pregnancy. In order to un- 
cover information which might help 
clarify the foregoing, 452 females who 
were operated upon during the years 
1934 through 1942 inclusive, and who 
have thus been followed from 5 to 13 
years, were divided into 2 groups de- 
pending upon whether or not their 
hypertension was first discovered dur- 
ing a pregnancy. The 2 groups have 
been compared as to the extent of their 
hypertensive disease and as to the end- 
results from splanchnicectomy. 


• This study w.^s aided in p.irt by grants from the United States Public Health Service and 
.Mr. and Mrs. .Albert Warner. 

f Address: Miami Beach, Florida. 
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Pregnancy Subsecjuent to Splanch- 
nicectomy. The hypertensive female 
who becomes pregnant is not likely to 
go through childbearing successfully. 
In the first place, she is markedly vul- 
nerable to a toxemic pregnancy. Dexter 
and Weiss“ followed 39 prepregnant 
hypertensives through pregnancy, and 
toxemia occurred in half of them. 

Secondly, a toxemic pregnancy may 
permanently harm the mother. In the 
Dexter and Weiss series, approximately 
one quarter of those who developed 
toxemia manifested higher blood pres- 
sure levels and more extensive hyper- 
tensive disease after the pathological 
pregnancy than before. Reid and TeeF^ 
followed 122 patients with known es- 
sential hypertension prior to pregnancy, 
and at a late postpartum examination, 
44% of them showed higher blood pres- 
sure levels than when first seen. 

Thirdly, the fetal prognosis is dis- 
couraging for prepregnant hyperten- 
sives. Hypertension in the mother defi- 
nitely interferes with the well-being of 
the fetus. Dieckmann and Brown’ 
found a 21% fetal mortality in mothers 
who had essential hypertension. For 
the 122 patients in the series of Reid 
and TeeF® the fetal mortality was 
21.9%. It is tlius seen that pregnancy 
in an already hypertensive female is 
likely to have a disappointing, and 
sometimes tragic, ending. 

We have followed 28 hypertensive 
females who were first treated by 
splanchnicectomy and who subse- 
quently exnerieneed pregnancies; the 
data for each case are given in Table 1. 
Naturally, they were relatively young 
at the time of the ojieration. their aver- 
age age being 28 years. The a\ erage 
duration of hypertension from the time 
of its discover}' until operation was 4.2 
years. The average iDrebperative blood 
pressure was 208 systolic, and 135 dia- 
stolic. 

Angiospastic retinitis was nresent 
prior to operation in 21 of the 28. Two 


5 ; 11 

cases had severe neuroretinitis with 
papilledema. 

When these 28 patients were classi- 
fied according to our preoperati\e 
clinical classification of arterial hyper- 
tension,’’’ 10 cases were in group three, 
in which organic heart disease is pre- 
dominant, the diagnosis being con- 
firmed by either a definitely abnormal 
electrocardiogram or a teleoroentgeno- 
gram showing cardiac enlargement or 
both. Five patients were in group five, 
cases in which impaired renal function 
is predominant. It is thus seen that 
hypertensive disease was already well- 
established in these 28 females before 
splanchnicectomy. 

The average time interval between 
operation and the subsequent preg- 
nancy was 2.6 years, and the average 
blood pressure level prior to pregnancy 
was 144 systolic and 94 diastolic, for all 
28 cases. 

Results. Eighteen cases began preg- 
nancy with normal blood pressures as 
a result of splanchnicectomy. Seven- 
teen of these females gave birth to 18 
normal, living infants. 

But on the other hand, of 10 women 
who started pregnancies w'ith blood 
pressure le\'els above normal (greater 
than 150/90), only 2 delivered living 
infants at term. Case 10 began precr- 
nancvwith a blood nressureof 1.52/1 OS. 
and Case 24 entered pregnancy with a 
blood pre.ssnre of 210/130; in each in- 
stance the hypertensive state was un- 
influenced bv the pregnancy. The re- 
mainimr 8 women who began preg- 
nancy with elevated blond nres.sure 
levels no matter how slight, either had 
to be internipted or gave birth to still- 
born fetuses. 

naf^ient whose blood pressure was 
wi'thin normal range nrior to pregnanev 
develoned a toxemia of pregnanc\’. 
Without such a good result from 
snlanchnicectnmv. the expected inci- 
dence of toxemia would have been 
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50%; and the 10 splanchnicectomized 
females who began i4 pregnancies with 
elevated blood pressure levels did show 
exactly a 50% incidence of toxemia. 

Twelve cases maintained blood pres- 
sure levels entirely within normal lim- 
its throughout 13 tuU-term pregnancies; 
one case maintained normal blood pres- 
sure throughout 2 pregnancies subse- 
quent to splauchnicectomy. Mild to 
moderate elevations of blood pressure 
occurred in 14 pregnancies, in 5 of 
which living infants were delivered at 
term. In only 4 cases did the blood 
pressure during pregnancy reach or e.x- 
ceed the pre-splanchnicectomy level; 
each was interrupted. 

Each of diese 28 females who had 
pregnancies subsequent to splanchni- 
cectomy have been examined recently. 
The time interval between the exami- 
nation and the previous delivery aver- 
aged 2.7 years. Blood pressure levels 
were being maintained within normal 
limits (150/90 or less) in 15 cases, or 
53.6%. Prior to splanchnicectomy the 
blood pressure levels of these 15 pa- 
tients averaged 200/126. • 

In 9 patients the recent examination 
revealed mildly elevated blood pres- 
sure levels in the range of 150 to 170 
systolic, and 105 diastolic. Prior to oper- 
ation the average blood pressure in 
these 9 cases was 233/137. Only 4 cases 
recently showed blood pressure levels 
greater than 170/105. 

It is readily apparent that it is in- 
advisable for the hypertensive female 
who does not obtain a good result from 
splanchnicectomy to hazard a preg- 
nancy, for her chances of obtaining a 
living infant are meager. On the otiher 
hand, the once hypertensive female 
who maintains a normal blood pressure 
following splanchnicectomy, can be as- 
sured that if she does become preg- 
nant, her chances are excellent for 
delivery of a living infant, and that she 
has probably been protected against 
any related vascular damage. In this 


group of splanchnicectomized females, 
pregnancy tollowing operation resulted 
m no harmful hypertensive complica- 
tions. 

ihe e.xperiences of N,ewell and 
Smithwick'^ confirm the foregoing, 
ihey have reported the results in 14 
hypertensive females who were treated 
by lumbodorsal splanchnicectomy and 
who then had a subsequent pregnancy, 
except for 1 case in which operation 
was performed dmring the first trimes- 
ter. Thirteen infants were hving and 
well. Only 1 pregnancy had to be in- 
terrupted. Six weeks postpartum, the 
average blood pressure of the series 
was 133/87. 

Splanchnicectomy Performed During 
Pregnancy. A toxemia superimposed 
upon prepregnant hypertension pre- 
sents a discouraging problem. Almost 
always the only recourse is interruption 
of the pregnancy. A new approach to 
this specialized problem has been tried 
at the University Hospital during the 
past 5 years. The operation of bilateral 
supradiaphragmatic splanchnicectomy 
and lower dorsal sympathetic ganglio- 
nectomy has been performed during the 
second trimester in 5 such cases which 
have been reported in detaifi-. 

This surgical treatment is aimed di- 
rectly at the underlying hypertensive 
disease, for it is felt that the compli- 
cating toxemia is a consequence of the 
pre-existing hypertensive state. 

In 2 cases, the results have been ex- 
cellent; following operation in both, the 
toxemia disappeared, normal blood 
pressure levels were achieved, living 
infants were obtained, and normal 
blood pressures have persisted for 4 
years and 2 years respectively since 
delivery. 

In the remaining 3 cases the oper- 
ation exerted no influence on the to.x- 
emia, but in 1 of the cases the blood 
pressure levels since delivery have 
been significantly decreased as com- 
pared to the prepregnant levels. 
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Hypertension Having Its Onset Dur- 
ing Pregnancy Differentiated from Hy- 
pertension With Onset Without Rela- 
tion to Pregnancy. The 452 hypertens- 
ive females who were operated upon 
during the years 1934 through 1942 in- 
clusive have been divided into 2 groups 
depending upon whether or not their 
hypertension was first recognized dur- 
ing pregnancy. In 100 of them, elevated 
blood pressure was first noted at the 
time of a pregnancy; it is indeed likely 
that some of these cases may have had 
unrecognized high blood pressure prior 
to pregnancy, but since there is no way 
of determining this, it is impossible to 
correct for this unknown factor. In the 
remaining 352 females in this series, 
onset of hypertension had no relation 
to pregnancy. 

The clinical picture of the hyper- 
tensive state of one group differs in 


certain respects from tliat of the other, 
but it cannot be stated that the degree 
of hypertensive involvement in one 
group is greater or more serious than 
that of the other. Diastolic blood pres- 
sure levels prior to operation were 
higher in the group related to preg- 
nancy; also organic heart disease was 
predominant in a greater percentage 
of tile cases in this group than in the 
other. But tlie incidence of cerebro- 
vascular accidents and malignant hy- 
pertension prior to operation was 
greater in the group whose disease did 
not have its onset in pregnancy. There 
was no significant difference as to age 
at time of operation or a.s to known 
duration of hypertension prior to 
operation. 

Even though there was no remark- 
able clinical difference in the hyper- 
tensive state of the 2 groups, yet they 


TABLE 2.-SURVIVAL TABLE AFTER SPLAN’CHNICECTOMY FOR 8!) FEMALES WHOSE JlVi'KR- 
TENSION BEGAN DURING PREGNANCY. E.YCLUDING 11 CASES OF 
MALIGNANT HYPERTENSION 


Yeais of 

Number 



Percentaj'c 

Alive 


Operation 

of Cases 

5 years 

6 ycais 

7 years 

8 years 

9 years 

10 years ll>e.rrs 12 }e.irs l.S jears 

1934 

1 

100 

100 

100 

100 

100 

100 100 IQO 100 

1935 

10 

100 

100 

90.0 

90.0 

80.0 

80.0 SO.O 70.0 

1936 

7 

71.4 

71.4 

71.4 

.57.1 

42.9 

42.9 42.9 

1937 

12 

91.7 

91.7 

91.7 

83.3 

83.3 

83.3 

1938 

12 

75.0 

66.7 

58.3 

58.3 

58.3 


1939 

7 

85.7 

85.7 

85.7 

57.1 



1940 

9 

88.9 

77.8 

77.8 




1941 

12 

91.7 

91.7 





1942 

19 

100.0 







TABLE .3.-SURVI\LVL TABLE AFTER SPLANCHNICECTO.MY FOR 291 FEMALES WHOSE HYPER- 
TENSION HAD NO RELATION TO PREGNANCY, E.YCLUDING C.VSES OF 
•M A LIG.NANT H YPERTE.VS ION 


Years of 

Number 



Perceiitatle 

Ali\e 


Operation 

of Cases 

5 years 

(5 > e.irs 

7 sc.irs 

,S >ears 

9 >ears 

10>earH 11 sears 

1934 

8 

87.5 

62.5 

62.5 

62.5 

62. .5 

.50.0 .37..5 

1935 

22 

86.4 

81.8 

81 .8 

81.8 

77.3 

72.7 (>8.2 

1936 

21 

81.0 

81.0 

71.4 

66.7 

62.0 

62.0 .57.3 

1937 

30 

83.3 

83.3 

83.3 

76.7 

70.0 

70.0 

1938 

35 

82.9 

82.9 

82.9 

80.0 

SO.O 


1939 

30 

90.0 

90.0 

90.0 

90.0 



1940 

29 

96.6 

96.6 

96.6 




1941 

44 

88.6 

81.8 





1942 

72 

81.9 
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significantly differ in their overall re- 
sponse to splanchnicectomy. Botli 
groups responded well to the oper- 
ation, but the end-results are definitely 
better for the females whose hyper- 
tensive disease had its origin during 
a pregnancy. The postpartum-persist- 
ent-hypertensives show better survival 
rates and maintain lower blood pres- 
sure levels after splanchnicectomy. 

The survival tables (Tables 2 and 3) 
for both groups are remarkably good, 
and it is surprising that the survival 
rate among the females whose hyper- 
tension is related to pregnancy should 
be even better than that of the other 
females. In the former group of 89 
hypertensive women (excluding 11 
cases of malignant hypertension), 90% 
survived 5 years after operation; for 


cases of essential hypertension in the 
computing of the foregoing survival 
statistics since the malignant type evi- 
dently represents a separable, fulminat- 
ing phase of the disease. Our diagnostic 
criteria^^ for malignant hypertension 
are: ( 1 ) a rapidly-progressive, de- 
teriorating, clinical course of recent 
onset; (2) severe neuroretinitis with 
definite papilledema of 1 diopter or 
more; (3) high diastolic blood pres- 
sure; and (4) evidences of constitu- 
tional involvement. 

The group of females whose hyper- 
tensive state was related to pregnancy 
has maintained a better blood pressure 
response to splanchnicectomy than the 
other group of female hypertensives, 
even though the response of the latter 
also has been good. Among the former 


TABLE 4.-BLOOD PRESSURE RESPONSE IN 452 FEMALES, 5 TO 13 YEARS AFTER 
SPLANCHNICECTO.MY, INCLUDING CASES OF .MALIGNANT HYPERTENSION 


Number 


Marked 
Reduction 
( Of 80 mm. 

Systolic 
& 25 mm. 


of 

Now 

Duutohc 


Cases 

Normal 

or Mare) 

Onset During 

I’rcgnancv 

100 

23 (23%) 

22 (22%) 

\'o Relation 

To Pregnancy 

352 

54 ( 15.4% ) 

48 (13.6%) 


the 29 cases operated upon 11 to 14 
vears ago, the 10-year survival rate was 
76%. While for the second group of 
females with onset of hypertension 
bearing no relation to pregnancy, the 
o-year survival rate was 86%, and the 
10-year survival rate was 63.4%. 

Post-splanchnicectomy survival 
among malignant hypertensives whose 
c'levated blood pressures were first dis- 
covered during pregnancy does not 
differ significantly from malignant hy- 
pertensives whose disease bears no 
relation to pregnancy. The cases of 
malignant hypertension hav^e been 
dealt with separately from the other 


Significant 
Reduction 
(Of 40 mm. 

Systolic Alive 

&25mm. No But No 

Diastolic Significant Recent B.F. 

or More)) Change Worse Determination Dead 

19(19%) 4(4%) 0 5(5%) 27 

(27%) 

70 ( 20%) 32(9%) 5(1.5%) 35(10%) 108 

(30.5%) 

group, 23% were maintaining normal 
blood pressure levels ( 150/90 and less ) 
3 to 13 years since operation, and in 
another 22% the blood pressure was 
markedly reduced by 80 mm. systolic 
and 25 mm. diastolic or more as com- 
pared to the preoperative level (Table 
4). In the latter group, 15.4% were 
maintaining normal blood pressure 
levels, and another 13.6% showed 
marked reduction 5 years or more 
after operation. 

The Problem of Post-Toxemic Hij- 
pertension. In large series of pregnan- 
cies, Stander^® found an 8.4% incidence 
of to.xemia, Dieckmann^ a 6.7%, and 



PEET, ISBEKG: hypertensive disease of PHECEN'ANT'Y 


Page^ a 9% incidence. Thus toxemia 
occurs in about 8% of all pregnancies. 

Dieckmann and Brown^ reviewed 
the literature and concluded tliat ap- 
proximately one quarter of the patients 
with pre-eclampsia and eclampsia de- 
velop permanent hypertensive disease 
after pregnancy. Herrick and Tillman‘S 
also found that 25% of women who 
have had a toxemic pregnancy, are 
left with permanent postpartum vas- 
cular disease. Peckham'-* reported a 
much higher incidence (63.4%) of 
chronic vascular damage as the late 
result in 500 cases of toxemia of preg- 
nancy. Reid and TeeP^ were very care- 
ful in determining that both the pre- 
pregnant blood pressure and urine were 
normal in a series of 235 patients who 
later developed mild pre-eclampsia; 
21% had sustained hypertension 6 
months to 3 years postpartum. SimralP* 
followed 91 patients who developed 
toxemia during pregnancy and who 
definitely had normal blood pressure 
levels prior to pregnancy or during the 
first trimester; at a late postpartum e.x- 
amination he found tlrat 30% mani- 
fested abnormally elevated blood pres- 
sure. 

Since roughly 25% of females who 
have had a toxemic pregnancy are left 
with permanent postpartum hyperten- 
sion, and since toxemia occurs in about 
8% of pregnancies, then about 2% of 
all women who become pregnant may 
bS expected to develop permanent hy- 
pertension as a result of pregnancy. 

There were 3,440,000 births in this 
country in 1946. The stillbirth rate was 
27 per 1,000 live births. Of the 3,500,- 
000 women who went tlirougli preg- 
nancies in the single year of 1946, po.s- 
sibly 70,000 now have permanent hy- 
pertensive disease. The problem of 
post-to.xemic hypertension is thus one 
of considerable magnitude; it is also 
serious enough to warrant thought and 
action by the physicians responsible 
for the welfare of these women. 


These females who are now hyper- 
tensive as a result of pregnancy consti- 
tute a group in whom e.xcellent results 
can be e.xpected from splanchnicec- 
tomy. Five to 13 years after operation 
one quarter of this group can be ex- 
pected to be maintaining normal blood 
pressure levels. The operative risk is 
minimal, providing the di.sease has not 
yet progressed to its malignant phase. 
The operative mortality for all fe- 
males, excluding cases of malignant 
hypertension, is 0.5%. For females with 
malignant hypertension, the operative 
mortality is 7.7%. 

At the present time the operation of 
splanchnicectomy represents an effect- 
ive therapeutic approach to hyperten- 
sive disease, and it is especially effica- 
cious in coping with the problem of 
post-to.xemic hypertension. This oper- 
ation must be considered for tlie female 
whose blood pressure persists at hyper- 
tensive levels for more than one year 
following childbirth. 

Summary and Conclusions, 1, The 
large number of female hypertensives 
who were treated with bilateral supra- 
diaphragmatic splanchnicectomy and 
lower dorsal sympathetic ganglionec- 
tomv at the University of Michigan 
Hospital afforded an opjmrtunity to 
stiidv several aspects of hypertensive 
disease of pregnancy. 

2. Twentx'-eight hviJertensive females 
who were treated by splanclmicectomv, 
subseauentiv experienced 34 pregnan- 
cies. Of IS cases who began pregnancy 
with normal blood pressures, 17 gave 
birth to IS infants, and 15 were still 
maintaining normal l)lood pressure lev- 
els at a recent examination, averacing 
2.7 vears since delivery and 6.3 vears 
since operation. On the other hand, of 
10 cases who started pregnancies with 
blood i^ressure levels abo\e 150/90. 
only 2 delivered living infants at tenn. 

3. Not one of IS cases who respond- 
ed to splanchnicectomy by maintaining 
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normal blood pressure levels after oper- 
atio 2 i and who subsequently became 
pregnant developed a toxemia of preg- 
nancy. 

4. No splanchnicectomized female 
suffered any late, harmful vascular ef- 
fects as the result of pregnancy. 

5. Five cases of toxemia superim- 
posed upon prepregnant hypertension 
have been treated by splanchnicectomy 
performed during the second trimester 
of pregnancy, and in 2 cases the results 
have been excellent. Following oper- 
ation in both, the toxemias disappeared 
and normal blood pressure levels were 
achieved for the remainder of the preg- 
nancies and during a long postpartum 
follow-up period. 

6. When female hypertensives are 
divided into 2 groups depending upon 


whether or not their hypertension had 
its origin during a pregnancy, there is 
little variance in their disease pictures, 
but there is significant difference in 
their overall response to splanchnicec- 
tomy. Both groups respond well to the 
operation, but the end-results are defi- 
nitely better for the females whose 
hypertensive state began in a preg- 
nancy. 

7. The young hypertensive female 
who wishes to have children should 
first have the essential hypertension 
treated by splanchnicectomy. If she 
maintains normal blood pressure levels 
for 1 year after operation, she may with 
reasonable safety become pregnant and 
with the assurance that her chances are 
excellent for giving birth to a normal 
infant. 
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Although numerous studies have 
been made of the clinical and gastro- 
scopic aspects of gastritis,' to our 
knowledge, a definitive correlation of 
the appearance of the gastric mucosa 
with its secretory capacity has not been 
made. The purpose of the present 
paper is to report such an analysis. 


phy, as evidenced by grayness of the 
mucosa and visible capillaries (“atrophic 
gastritis”); (c) 50 with inflammatory 
changes in the mucosa, including 
edema, erythema and e.xudate (“chronic 
superficial gastritis”); and (d) 50 

cases with an irregular cobblestone-like 
mucosa, (“chronic hypertrophic gas- 


TABLE l.-CORRELATION BETWEEN GASTROSCOPIC APPEARANCE OF THE MUCOSA AND 

HISTAMINE-STIMULATED SECRETION 


Maximum Free 

Normal 


Infl.immatoiy®® 

Cobbles tonc-like 

Acidity 

Mucosa 

Atrophy® 

Changes 

Nfucosa**®® 

(Clinic.il Units) 

( 100 pats.) 

(50 pats. ) 
per cent 

(50 pats.) 
per cent 

(oO pats.) 
per tent. 

Achlorhydria 

5 

30 

30 

2 

1-20 units 

1 

10 

6 

0 

21-40 units 

5 

2 

18 

10 

41-60 units 

18 

16 

14 

12 

61-80 units 

20 

16 

6 

26 

81-100 units 

22 

10 

14 

22 

More than 100 

29 

16 

12 

26 

Total (per cent) 

100 

100 

100 

100 


® “Atrophic gastritis” 

Erythema, edema, e.Midate ( "suiicrlici.il g.istntis”) 
0 0 0 “Hypertrophic gastritis” 


A study was made of 250 patients in 
whom the physical and laboratory e.x- 
aininations were normal and in whom 
complete roentgen studies of the gas- 
tro-intestinal tract were negative. 

These cases were divided into 4 
groups: (a) 100 with a gastroscopic- 
ally nonnal mucosa; (b) 50 with atro- 


tritis"). Gastric acidiW was measured 

by the histamine test using 0.1 mg. of 

histamine hydrochloride per 10 kg. 

body weight; fractional specimens were 

obtained every' 10 minutes for 1 hour; 

the values are e.xpressed as clinical 

units of the ma.ximum free aciditv in 

✓ 

any specimen. 


(.TiU) 
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Results and Discussion. The findings 
are listed in Table I. 

Among the 50 patients witli atrophy, 
there were 15 \vidi histamine achlorhy- 
dria. The degree of atrophy in this sub- 
group is indicated in Table 2. It is of 


TABLE 2.-TYPES OF ATROPHY IN HISTAMINE 
ACHLORHYDRIA 


Type 

Patchy atrophy 
Generalized atrophy 
Slight 
Moderate 
Severe 
Total 


No. Patients 

3 

12 

0 

3 

9 

15 


interest that the ma-Yimum free acidity 
e.xceeded 40 clinical units and rose as 
high as 126 units in 29 of the 50 pa- 
tients with atrophic changes. The t 3 ^e 
of atrophy in this subgroup is shown in 
Table 3. E.xcept for this observation. 


TABLE 3.-TYPES OF ATROPHY IN PATIENTS 
WITH ACIDITIES ABOVE 40 CLINICAL UNITS 


Type 


No. Patients 

Patchy atrophy 


8 

Generalized atrophy 


21 

Slight 

7 


Moderate 

10 


Severe 

4 


Total 


29 


there was no significant correlation be- 
tween the level of free acid and the 
gastroscopic appearance of the gastric 
mucosa in this series of patients. 

It is apparent that atrophic, inflam- 
matory, or hj'perplastic changes of the 
mucosa do not necessarily alter the 
secretoiy' response to histamine stimu- 
lation. This finding is in agreement, 
with that of Schindler et al.,^ who, in a 
study of 82 cases of spontaneous his- 
tamine achlorhydria, observed various 
types of gastritis as well as a normal 
mucosa. Tlie present data, in accord 
with the obser\ations of Schindler, 
demonstrate that the most common 


anatomic basis for anacidity is diffuse 
inflanunation and atrophy. The inci- 
dence of anacidity in patients with in- 
flammatory and with atrophic changes 
was 30%, in contrast to 5 and 2%, re- 
spectively, for individuals with a nor- 
mal mucosa and for patients with 
hyperplastic alterations. 

Inflammatory changes with achlorhy- 
dria suggest involvement of the acid- 
secreting cells deep in the pits of the 
glands and not a mere “superficial gas- 
tritis”. In a previous study of achlorhy- 
dria produced by roentgen irradiation,^ 
it became evident histologically that 
the edema, erythema and exudate of 
the mucosa, as seen gastroscopically, 
were not limited to the superficial lay- 
ers of the stomach but involved both 
the mucosa and submucosa. Such ana- 
tomical differences probably explain 
the variability of gastric secretion in 
patients with gastritis. 

It is interesting that of the 50 pa- 
tients with definite atrophy, 2Q were 
able to secrete gastric juice with a free 
acidity above 40 clinical units. In 21 
of these, the atrophy was diffuse and 
in 4 it appeared to be extremely severe. 
This finding indicates that numerous, 
well functioning, acid-secreting cells 
may be present, even though the atro- 
phy as seen gastroscopically may seem 
to be pronounced. 

Conclusions. 1. The correlation be- 
tween the ma.ximum free acidity and 
the gastroscopic appearance of the gas- 
tric mucosa is not exact. 

2. Achlorhydria may occur with a 
normal mucosa, as well as with various 
types of gastroscopic alterations. How- 
ever, in the present study, achlorhydria 
was observed in only 5% of individuals 
with a normal mucosa and in only 2% 
of those with a cobble-stone (hyper- 
trophic) mucosa, as compared with an 
incidence of 30% each in patients with 
atrophy (atrophic gastritis) and with 
inflammatory changes (superficial gas- 
tritis). 
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Recent studies have demonstrated 
significant differences in the maximum 
free acidity of the gastric secretion be- 
tween patients with gastric and those 
with duodenal ulcer. The maximum 
free acidity after histamine was low 
in 21% of the gastric ulcer group, 
whereas in duodenal ulcer it uniformly 
exceeded 50 clinical units. The out- 
put of acid in the 12 hour night secre- 
tion averaged 273 mg. in gastric ulcer, 
661 mg. in a series of normal individu- 
als, and 2242 mg. in the duodenal ulcer.® 
A comparison of themaximum free acid- 
ity and the gastroscopic findings in in- 
dividuals without demonstrable or- 
ganic disease of the gastrointestinal 
tract indicated no e.xact relationship.® 
However, achlorhydria was noted in 
30% both of patients with atrophic and 
of those with “superficial” inflammatory 
changes, in contrast to an incidence 
of 5% among individuals with a normal 
gastric mucosa and 2% among those 
with hypertrophic changes. 

The present study was undertaken: 
a) to compare similarly the gastric 
acidity and the gastroscopic findings in 
patients with gastric ulcer and with 
duodenal ulcer, and, b) to seek a pos- 
sible e.xplanation for the pronounced 
difference in gastric secretion between 
the bvo ulcer groups. 

Present Studi/. Two consecutive se- 


ries of patients with duodenal and gas- 
tric ulcer were collected; individuals 
with gastroenterostomy, gastric resec- 
tion, or vagotomy were not included. 
Gastric acidity was measured by the 
histamine test (0.1 mg. per 10 kg. body 
weight) and expressed in clinical units 
of the maximum free acidity as de- 
termined during the conventional one 
hour procedure. 

The gastroscopic findings were clas- 
sified as: a) normal, b) atrophy (so- 
called “atrophic gastritis”), c) an ir- 
regular cobblestone-like mucosa (so- 
called “hypertrophic gastritis”), and 
d ) edema, hyperemia, and adherent 
exudate (so-called “superficial gastri- 
tis”). The presence of erosions and 
hemorrhagic areas was noted in groups 
b, c and d, but not considered in this 
study. 

Gastric Ulcer. Among 150 consecu- 
tive cases of benign gastric ulcer the 
gastric mucosa distant from the ulcer 
appeared normal in 45% and abnormal 
in 5.5% (Table 1). 

Tahle l.-GASTROSCOPIC APPEARANCE OF 


THE GASTRIC MUCOSA IN 
(150 Cases) 

GASTRIC 

ULCER 

Muco:>a 

No. Cases 

Per cent 

Normal 

67 

45 

Edema, erytliema, exudate 

16 

10 

Hyperplastic features 

28 

19 

-Atrophy 

39 

26 

Total 

130 

100 
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The correlation between the gastro- tion may occur with any type of gas- 
scopic changes and the maximum free trie mucosa, the only essential being 
acidity is expressed in Table 2. the presence of free hydrochloric acid. 

Tvbli: 2.-COnRELATION BETWEEN APPEAHANCE OF THE 
MUCOSA AND MAXIMUM FREE ACIDITY IN GASTRIC ULCER 

(120 Cases) 

M.i\imuni Free Acidity Edem.i, 

(Histamine) IlyperiJlastie Ery tlieiii.i. 


Clinical Units 

Normal 

Atropliy Features 

Per cent of Cases 

E\uil.ite 

1-20 

7 

30 

4 

26 

21-40 

■ S 

10 

10 

12 

41-60 

16 

20 

21 

12 

61-80 

16 

26 

20 

19 

81-100 

.32 

10 

22 

12 

More than 100 

21 

-1 

23 

19 

Total 

100 

100 

100 

100 


Duodenal Ulcer. One hundred con- 
secutive cases of duodenal ulcer had 
one or more gastroscopic examinations. 
The mucosa consistently appeared nor- 
mal in 47% and abnormal in 53% (Ta- 
ble 3). In these 100 cases erosions were 
observed in 11 and a benign polyp in 
one patient. 

Taulu 3.-GASTROSCOPIC APPEARANCE OF 
THE GASTRIC MUCOSA IN DUODENAL ULCER 
(100 Cases) 


Mucosa 

No. Cases 

Normal 

47 

Edema, erythema, c.vudate 

7 

Hyperplastic features 

41 

Atrophy 

5 

Total 

100 


The gastroscopic findings and the 
maximum free acidity are coiTelated in 
Table 4. 

Discussion. The present analysis 
again demonstrates that peptic ulcera- 


Previous gastroscopic studies- ' * '’ “• 
in patients with duodenal ulcer ha\e 
yielded varying figures both for the in- 
cidence and the type of gastritis. The 
present study, however, indicates a 
considerable dilference between gastric 
and duodenal ulcer in the appearance 
of the gastric mucosa. Thus, a cobble- 
stone-like mucosa was noted in 41% 
of patients with duodenal ulcer and in 
only 19% of cases with gastric ulcer. 
Perhaps of greater significance is the 
fact diat atrophy was recorded in only 
5% of cases with duodenal ulcer in 
contrast to 26% of those with gastric 
ulcer. Among IS patients with gastric 
ulcer and a low free acidity, inflamma- 
tory changes (edema, erythema, exu- 
date ) or diffuse atrophy were observed 
in 13. Of particular interest in this re- 
gard are the observations of .Meyers’’ 
who, in a recent study, noted that the 


Taui-i: l.-CORREL.A.TION BETWEE.N APPK.MI.WCE OF I HE 

MUCOSA AND M.VXIMUM FREE ACIDl lT IN DUODENAL ULCER 


M.rsimum Free Aeiility 
(Histamine) 
Clinical Units- 

Xonn.il 

.Vtropliy 

Kealuii'N 

Edema, 

Erytneiiia, 

Exud.ile 

1-20 

1' 

'er tent of total 

niunhur of Ct 


21-40 


.. 

— — 


41-60 

1 

1 

0 

1 

61-80 

6 

2 

9 

1 

81-100 

14 


9 

1 

.More than 100 

26 

2 

21 

■1 

Total 

47 

5 

41 

7 
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number of parietal cells per high pow- 
er field in the gastric fundus of pa- 
tients with gastric ulcer varied from 
0 to 40, whereas in duodenal ulcer the 
cell counts ranged from 60 to 90. The 
incidence of atrophic changes in gas- 
tric ulcer has been reported previously 
as 13%,^ 6%,^^ and zero'^; Baker^ re- 
cords an incidence of 60%. 

This diSerence in the appearance of 
the gastric mucosa between duodenal 
and gastric ulcer coincides in many 
cases with the pronounced difference 
in gastric secretion observed in these 
two groups. 

Conclusions. 1. The gastric mucosa 


in duodenal and in gastric ulcer gas- 
troscopically may appear normal, atro- 
phic, hyperplastic or present inflamma- 
tory changes— erythema, edema, and 
e.Yudate. 

2. The incidence of atrophy of the 
gastric mucosa is considerably higher 
in gastric than in duodenal ulcer, 
whereas the incidence of a hyperplastic 
mucosa is considerably higher in duo- 
denal than in gastric iilcer. 

3. The frequency of ati’ophic and 
inflammatory changes of the gastric 
mucosa in gastric ulcer accounts in the 
majority of the cases for the low out- 
put of acid. 
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DIABETES AND VASCULAR DISEASE IN YOUTH 
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(From the George F. Baker Clinic, New England Dcaconc.s!; Hospital; 


The frequency of advanced arterio- 
sclerotic, renal and retinal lesions in 
youthful diabetics is becoming more 
fully appreciated. The total number of 
youthful diabetics in the United States 
is not accurately known, but the facts 
concerned with an estimate of the 
diabetic population available in 1946 
were reviewed by Joslin ir/.” 
Patients between the ages of 15 and 30 
years include: (a) those whose dia- 
betes began in childhood and have 


Blotner and Hyde- studied 45,000 
consecutive selectees from ages IS to 
45 years at the Armed Forces Induction 
Station. They found diabetes to be 
about 3 to 4 times that of the National 
Health Sur\'ey. These iigures were 
confirmed in a study by the National 
Youth Administration.® Among 1.47.S13 
youths age 16 to 24 years, glycosuria 
was present in 2.6%. There were 178 
known diabetic.s. or 1.2 per 1,000. .More 
recent still is the survey conducted by 
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survived many years of diabetes, (b) 
those with diabetes beginning between 
15 and 30 years, recognized and 
unrecognized, (c) finally, those who 
will sooner or later develop diabetes. 
The National Health Survey by the 
National Institute of Health in 1935- 
1936 disclo.sed 9,182 diabetics in an 
urban population of 2.500,000.^' This 
information was based upon a house 
to house campaign but without tests 
of die blood sugar. Howe\er, sur\evs 
have become available based on actual 
blood and urine chemical tests which 
give quite a different picture. Thus. 

“ .Aided by .ijr.ints from flic E.iton Liborafonci 


members of the United .States Public 
Health Service in Oxford, Ma.s.sa- 
chusett.s, in which it was shown that 
for every 40 known diabetics there 
were 30 unknown cases. The estimatt*d 
incidence for diabetes in this youthful 
period was 3 or 4 times that of the 
National Health Survey. In T;ihle I 
are gi\en the population at ages 15 to 
45 estimated as of fulv 1. 1915, for the 
United States, and tiie frcfjucncv of 
diabetes in the youthful groups from 
an editorial in the Journal fif the 
.Vnierican Medical .A.ssociation.’ 

.\n estimate of 36 523 cases of dia- 

Fiind Mtti tin- Life lustirjrm- .MccLcaI 

(Yi.M 
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betes between 15 and 35 years, based 
upon the National Health Survey, 
seems too low. Yet an estimate of 
84,000 for the ages 15 to 30 years, 
based on Massachusetts selectees, may 
be excessive. One may safely estimate 
that there are at present between the 
ages of 15 and 30 years 60,000 cases 
of diabetes. More important, however, 
are the indications of a continued 
increase in the next few years. Thus 
tlie United States population may reach 
a maximum by 1985 when it will be 
22% greater than it was in 1940.° At 
the same time the diabetic population 
may increase by 74%. One may safely 
add, therefore, to the total number 
of patients between the ages of 15 and 
30 years who now have diabetes a 
minimum of 25%, or 15,000 who will 
develop it within the next few years. 

The importance of vascular lesions 
in older diabetics has long been 
himiliar to students of the disease. Now 
the excessive development of vascular 
nephritis, hypertension and retinitis in 
poorly controlled diabetics of long 
duration looms large on the horizon 
even in youth. Among 148 diabetics 
with onset of diabetes between 15 and 
30 years of age, 64% show retinal 
hemorrhages and increased capillary 
fragility after 10 years of diabetes.*® 
.\lthough many influences, metabolic, 
infectious and endocrine may play 
important parts in the causation of 
tliese lesions at an early period, defi- 
ciency of one hormone, insulin, must 
bo given primary consideration as the 
underlying factor. In youthful dia- 
betics, the onset and course of vascular 
complications may be long observed. 
\dditional necropsy data are needed, 
but are difficult to obtain owing to the 
improvement in treatment with conse- 
<|nent prolongation of life. 

Between 1938 and 1946 clinical and 
post mortem records of the New 


England Deaconess Hospital include 10 
patients whose diabetes began before 
the age of 20 years and 2 others with 
onset at 22 and 27 years with diabetes 
of 0.2 to 20 years duration. Millard and 
Root® found that in 5 whose diabetes 
was of less than 5 years duration, no 
vascular complications were present. In 
7 of these 12 patients, whose death 
occurred at ages between 25 and 32 
years, coronary arteriosclerosis with 
partial or complete occlusion was 
present. Nephrosclerosis was present 
in 6 of the 7 and intercapillary glomeru- 
losclerosis was present in 3. The 
globular masses of hyaline material 
between or within the glomerular 
capillary walls described by Kimmel- 
sriehl and Wilson, present in 3 cases, 
emphasize the fact that this lesion is 
as typical of diabetes in youth as in 
later life. A striking feature of the post 
mortem e.xaminations of these 7 youth- 
ful cases with diabetes of more than 
10 years duration is the fact that the 
arterial lesions are not of a single 
character. They involve all 3 of the 
common types: (1) calcification and 
sclerosis of the media of the Moncke- 
berg type; (2) intimal atheromatosis 
involving the aorta as well as the 
coronary arteries; and (3) arteriolar 
sclerosis evident especially in the 
kidneys, but also in splenic and pan- 
creatic vessels. The lesions are identical 
with those seen in diabetes of later 
life. It must be concluded that it is the 
long duration of diabetes which in 
some way causes the lesions. 

In the study of the pathology found 
at autopsy among 606 cases of diabetes, 
290 males and 316 females, reported 
from the University of Minnesota by 
E. T. Bell,* 78% of the deaths were of 
persons oi’er 50 years of age. Only 18 
cases were under 20 years and 21 cases 
between 20 and 30 years of age. It 
does not appear from the discussion 


» Thi'M- art- b.isi-<I upon (lie "inctiium" fon-cast of popul.ilion puIilisluU by Thomp'ion and 

Ill i-;>tiiii.i(c, of the Futuru I’opul.'ition of the United Slates. 1910-2000, National Resources Pljinning 
r. aid, Wa.Iiiii^tijii, D. C., Table 7, page 6S. 
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that any material was available on 
patients whose diabetes began in 
childhood and who had survived 12 or 
more years of diabetes. Twenty % 
of the cases died in diabetic coma. 
Gangrene and coronary disease to- 
gether accounted for 27,2%. Pyelone- 
phritis accounted for 1 % (6 cases), and 
uremia for 0.7% (4 cases). By combi- 
ning deaths from coma, infection and 
vascular disease, Bell concluded that 
66.3% of diabetics die of complications 
related to the diabetes. It is not strange 
that in a series lacking youthful 
patients with diabetes of long duration 
it would be easy to conclude that 
intimal thickening in small renal 
arteries occurred after the age of 50 
years easily. After 50 years of age it 
was five times as frequent in the dia- 
betics and was more intense than in 
the control series of non-diabetic autop- 
sies. Yet Bell’s 15 cases, aged 10 to 20 
years, showed in 20% slight arteriolo- 
sclerosis and in 25% of 20 cases 
between 20 and 30 years of age arterio- 
losclerosis of grades 1 and 2 was 
present. It is this renal arterio- 
losclerosis which is a striking feature in 
the autopsies of our juvenile diabetic 
patients who have survived diabetes 12 
to 15 years. Dr. Bell states that a thick 
homogeneous hyaline deposit in the 
arterioles is strong evidence of dia- 
betes. It seems clear that in some way 
diabetes brings about at an early stage 
in life hyaline changes in the arteries 
and arterioles with consequent hyper- 
tension and renal disease. Possibly tire 
liyaline masses in the glomeruli are so 
closely related to arteriolosclerosis 
that they should be regarded as 
dependent upon the same fundamental 
etiology. Certainly the large nodular 
lesions are almost padiognomic of 
diabetes. In Bell’s series of 40 diabetics 
from 1 to 30 years of age, neither 
nodular nor diffuse “intercapillarv” 
lesions occurred, but they were fre- 
quent from 50 years onward. The 


association of the “intercapillary glomer- 
ulosclerosis” with arteriolosclerosis and 
arteriosclerosis of larger vessels is 
evident in Bell’s series and in our 
patients. 

In the series of Gauld, Stalker and 
Lyail," 12 of the 24 diabetics reported 
developed progressive renal complica- 
tions after diabetes of long duration. In 
6 of the 7 cases obseia'ed post mortem, 
Kimmelstiehl-Wilson lesions and neph- 
rosclerosis were present. They also 
comment upon the presence of pyelo- 
nephritis in 3 cases. 

That one must consider in diabetes 
not only the arteries but also the veins 
and capillaries has been clearly shown 
in recent years. Thus Root and Rodri- 
guez^“ have studied capillary fragility 
in diabetes. In 26 cases with retinitis 
and increased capillary fragility, li 
were from 21 to 39 years of age. It 
is quite evident in young diabetic 
patients tliat change in capillary fra- 
gility occurs witliin 5 to 12 years aft(‘r 
the onset of diabetes and is frec[uently 
associated with beginning evidences of 
vascular disease. Usually such patients 
will within a few months or a year or 
two begin to show retinal hemorrhages, 
subsequent to vascular disease. The 
nature of the change occurring in 
capillary vessels is yet undetermined 
and the place of such substances as 
rutin and ascorbic acid in its treat- 
ment is being investigated. In recent 
years increasing attention has been 
given to small venules in the retina. 
Dilatation of these \'enules and some 
of the hemorrhagic manifestations in 
the eyes in retinitis proliferans seems 
clearlv due to disturbance in the veins. 

These facts may indicate dilfereut 
etiologic factors are at work and that 
diabetes of long duration exerts a 
specific inffuence permitting earlv 
va.scular damage of varying tvpes. 
Clinical examination of 192 diahetics,^-^ 
in whom diabetes began before the age 
of 15 vears and who have surv hed 20 
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or more years of diabetes, showed 
calcified vessels by Roentgen-ray 
examination, albuminuria, hypertension 
or retinal hemorrhages in 86%. How- 
ever, in 14% of these patients no such 
lesions were found, which gives hope 
that better treatment may postpone 
these changes in the future. 

Three basic questions may be stated 
upon which divergent views have been 
expressed: (1) Is arteriosclerosis a 
cause or an effect of diabetes? There 
are still some physicians of experience 
who believe that arteriosclerosis causes 
diabetes. Such cases must be rare. On- 


set of diabetes declines in frequency 
from the age of 60 onward. No case in 
2,500 childhood diabetics has shown 
hypertension or arteriosclerosis at on- 
set of the diabetes or developed it 
until diabetes has existed for periods 
from 5 to 15 years. (2) Is arteriosclero- 
sis a complication of diabetes or is it 
an integral manifestation of the basic 
disorder which causes diabetes? Dry 
and Hines® postulated an inherent 
weakness in the diabetic constitution 
which affects both the insulin-produc- 
ing tissues and the vascular system 
with a common mechanism for the 
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TABLE 3.-COMA AS CAUSE OF DEATHS IN YOUTH RELATED TO AGE AT ONSET 

AND DURATION OF DIABETES 
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production of arteriosclerosis, retino- 
pathy and neuropathy on the basis of 
involvement of the nutrient vessels to 
these structures. I disagree with this 
view. First, it would necessitate arteri- 
osclerotic disaster for all diabetics, 
which in fact does not happen. Second, 
in time one should certainly find in 
some of the 2,500 children and another 
2,000 with onset diabetes from 15 
to 30 years of age, cases in which 
vascular disease preceded the diabetes. 
This has not been observed. (3 Are 
the arteriosclerotic complications of 
diabetes the result of changes charac- 
teristic of clinical diabetes? I believe 
the excessive arteriosclerosis in young 
diabetics of long duration is the result 
of uncontrolled diabetes and conse- 
quent features such as the poor resist- 
ance to infection with resultant pyelo- 
nephritis, pyorrhea, etc. In support of 
this view are cited 16 cases recently 
studied who now after 20 to 25 years 
of diabetes show no evidences of 
nephritis, arteriosclerosis by Roentgen- 
ray examination, or retinal hemorrhages. 

Causes of Death in Diabetes with 
Early Onset. In Table 2 are shown the 
causes of death for 531 patients whose 
diabetes had its onset between 
infancy and 30 years of age. The series 
comprises 221 patients with onset of 
diabetes before their fifteenth birthday, 
92 patients with onset between 15 and 
20 years, and 21S patients with onset 
between 21 and 30 years. Coma caused 
56% of 166 deaths occurring during 
the first 5 years of diabetes but there- 
after it declined as a cause of death. In 
the group of 142 deaths occurring after 
15 years of diabetes, it caused only 3%. 
The striking feature of this table is the 
increase in deaths from nephritis and 
arteriosclerotic heart disease to 30 and 
32% of all deaths occurring after 15 
vears of diabetes. In Table 3 the place 
of coma in childhood is more clearly 
shown, since 71% of deatlis occurring 
within 3 years after onset before the 


age of 15 years were due to coma. Its 
virtual disappearance as a cause of 
death after diabetes had been present 
15 years applied not only to the child- 
hood but also to the cases with onset 
of diabetes between 15 and 30 years of 
age. An analysis of nephritis as a 
cause of death is gi\en in Table 4. It 
is evident that among deaths occurring 
within 5 years duration of diabetes 
nephritis plays little part, from 2 to 
5%, or actually only 6 deaths among 166 
total deaths. After 13 years of diabetes, 
48% of 48 deaths in patients whose 
diabetes began in childhood and 22% 
of 94 deaths in the other groups present 
the crux of the problem in the treat- 
ment of youthful diabetics, for it is 
the association of the renal lesions with 
hypertension, retinitis and later 
coronary disease, which most concc'rns 
us. 

The relation of duration of diabi'tes 
to onset and development of vascular 
and renal lesions may be studied in 
various ways. In Table 5 are summa- 
rized the results of Roentgen-ray exam- 
inations of pelvic arteries, leg arteries 
and of the aorta (lateral films) in 
young diabetics. No calcification was 
found in cases with a\erage age 28.2 
years and with diabetes less than 10 
years in duration. Thereafter, as tlie 
duration of diabetes increased, the 
incidence of visible calcification rapidlv 
increased until 83.3% of cases w'ith dia- 
betes of over 20 years’ duration .showed 
calcified arteries. The arteries of the 
leg usually, but not ahvaN'S, show calci- 
fication first. Granted that calcification 
is a late stage in arteriosclerosis, it is 
still significant and especially in the 
pelvic arteries, where its grav(‘ prog- 
nostic import in pregnant diabetics of 
long duration has been emphasized bv 
Priscilla White. 

The high incidence of renal and 
vascular disease has been thought to be 
due to infections, endocrine factors, dis- 
turbed mineral metabolism, and uticon- 
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trolled diabetes. While it is’ true that 
diabetic patients are susceptible to 
streptococcus and staphylococcus infec- 
tions, this group has not shown prior 
to the incidence of vascular disease or 
nephritis infections which could be 
related to them, except for pyelone- 
phritis. Sharkey and Root^- pointed out 
the excessive frequency of pyelone- 
phritis in diabetics of long duration. 
Determinations of basal metabolisms, 
analyses of blood for such pituitary 
factors as follicle stimulating hormone 
and the e.xcretion of 17 ketosteroids in 
a limited number of patients have not 
shown a clear picture. However, the 
studies of Selye“ demonstrate experi- 
mentally the production of nephros- 
clerosis by means of injections of 
pituitary extract and the use of high 
protein-high salt diets. When the rela- 
tion between the control of the dia- 
betes as measured by hyperglycemia, 
glycosuria, acidosis and the faithful 
adherence to a prescribed diet are 
tabulated, there appears a striking 
correlation between lack of diabetic 
control and the development of vas- 
cular lesions. Thus, in 28 cases among 
the 192 diabetic children who survived 
20 years of diabetes. Roentgen-ray 
e.xaminations and clinical studies were 
normal, and in this group coma had 
only occurred in 17%. In 114 cases, 
calcified arteries in the tegs or pelvic 
ve.ssets were present with transient 
albuminuria, with hypertension and 
only one or two retinal hemorrhages. 
In this group, coma had been present 
one or more times in .38%. 

Fifty patients were incapacitated 
with angina pectoris, progressive ne- 
ohritis, cerebral accident, retinitis pro- 
liferans. and in them coma had been 
present in 74% one or more times. 
Coma renr-'sents maximal lack of dia- 
betic control. 

In considering the eve lesions of this 
group, one must abandon the idea that 
the retinitis follows, or is consequent 


upon arteriosclerosis. The small round 
retinal hemorrhages, typical of dia- 
betes, occur in patients without hyper- 
tension and before arteriosclerosis or 
albuminuria can be found. Frequently 
it is true these patients show increased 
capillary fragility and at present it 
appears probable these lesions are an 
essential and early stage of vascular 
disease. The striking thing about the 
retinal lesions of this young diabetic 
group is the tendency for progression 
from the stage of small hemorrhages 
to the stage of proliferation so com- 
monly known as retinitis proliferans. In 
non-diabetics, on the other hand, small 
hemorrhages are frequently absorbed 
and only rarely stimulate proliferation 
of capillaries and fibrous tissue. This 
phenomenon is characteristic of a dia- 
betic and seems in some way con- 
nected with the faulty metabolism of 
uncontrolled diabetes. 

One must remember that, in the dia- 
betic, disturbances of protein and fat 
metabolism, as well as of carbohydrate, 
do occur. To the ophthalmologist a 
faulty protein metabolism seems most 
likely to explain various phases of 
retinitis. The normal eye fluids contain 
no proteins only electrolytes, sugar and 
urea. Blood colloids are held back by 
the endothelium which is impermeable 
to colloids. There is an effective fluid 
exchange by osmosis. The abnormal 
ocular fluids contain protein and there- 
by break down the normal osmotic 
interchange. As a result the pressure 
within the eye increases. A breakdown 
of proteins in stagnant fluid gives toxic 
products promoting hemorrhage and 
the ingrowth of new capillaries. The 
abnormal kidney allows leakage of pro- 
tein and edema. 

Of 23 known amino acids. 10 are 
thought to be essential to life. The 
body can synthesize proteins from 
these amino acids in the liver. Tlie 
body can form glycine but cannot 
form cystine, tyrosine or histidine. 
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Cystine is in a key position for the 
formation of amino acids into protein 
and it is a curious fact that in some 
diabetic patients there are hints of a 
disturbance in cystine metabolism. It 
is true that in diabetic animals made 
diabetic by alloxan a fall in the cystine 
of the blood occurs. Furthermore, 
administration of cystine impairs the 
effectiveness of alloxan in producing 
necrosis of the islands of Langerhans. 
This field is now being investigated 
with some promising preliminary 
results. One may say, therefore, that 
with respect to carbohydrate, fat and 
protein metabolism abnormalities occur 
in the uncontrolled diabetic, some of 
which may be directly related to the 
eye. Thus, the nitrogen balance in dia- 
betic patients may be negative during 
periods of poor control and was often 
found negative during the early periods 
of treatment by under-nutrition. The 
evidences of liver disease affecting the 
formation of protein substances in dia- 
betic patients is suggestive, although 
the large liver filled sometimes with 
glycogen, sometimes with fat, has not 
always been shown to be deficient in 
its protein-forming function. 

Tire localization of the first evidences 
of arteriosclerosis is difficult. At present 
we tiy to carry out Roentgen-ray ex- 
aminations af all diabetic patients in 
the juvenile group and of all other dia- 
betic patients seen between the ages 
of 20 and 40 years. A summary of re- 
cent roentgenograms in 82 such cases 
is given in Table 5. We found that only 
4 out of 24 patients with diabetes over 
20 years failed to show visible califica- 
tion either in the arteries of the legs, 
pelvis or the aorta. In patients with 
diabetes from 10 to 20 years, califica- 
tion was absent in only 21 out of 50 
patients. In 8 patients with diabetes 
less tlian 10 years, no calcification could 
be found. The average age when calci- 
fication was first seen varied from 26 
years for the females with diabetes less 


than 20 years to 31 years for the fe- 
males with diabetes over 20 years. Ap- 
parently the duration of diabetes is the 
most important factor. As just stated, 
no calcification was found in patients 
with diabetes of less than 10 years’ du- 
ration; in the 50 patients having dia- 
betes from 10 to 20 years the average 
duration of diabetes was 15 years when 
the first evidence of calcification was 
seen; in the patients with diabetes for 
more than 20 years the average dura- 
tion of diabetes was 20 years when cal- 
cification was noted. The last 2 groups 
show little difference in average insulin 
requirement. Thus, 44 units was the 
average dose for patients of long dura- 
tion and 50 units was the average dose 
for the 50 cases of shorter duration. 
The average blood cholesterol value at 
the maximal was 306 for the females of 
less than 20 years’ duration and 285 for 
the females of more than 20 years’ du- 
ration. Males averaged 242 mg. and 
296 mg. In this group of 74 patients, 
therefore, an increased plasma choles- 
terol has been an almost constant find- 
ing, not necessarily at the onset of the 
diabetes, but at some time during the 
course of the diabetes and frequently 
during tlie stage when albuminuria, hy- 
pertension, hypoproteinia had devel- 
oped. In a series of 26 young diabetics 
reported by Mann, Gardner and Root,® 
the plasma cholesterol values remained 
normal during the first years of dia- 
betes, but became abnormallv elevated 
on the average of 12 years after onset, 
when the first clinical evidence of renal 
disease became evident. In 36 patients 
the serum protein was over 6%, whereas 
in IS cases the scrum protein was under 
67c. 

f 

Summary. The cause of death in pa- 
tients whose diabetes begins in child- 
hood and prior to the thirtieth year of 
age changes rapidly if death occurs 
after prolonged periods of the disease. 
Thus, acidosis and coma account for a 
inajorit}' of deaths which occur in the 
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first few years of diabetes, but it is only 
the cause of 3% of deaths in diabetic 
patients of this youthful group who 
survive more than 15 years of Ae dis- 
ease. On the other hand, death from 
arteriosclerotic disease increased rap- 
idly among those patients who have 
lived more than 15 years with diabetes. 
In patients with onset before 15 years 
of age, arteriosclerotic nephritis is a 
cause of 48% of the deaths which occur 
after 15 years of diabetes. In those 
patients whose diabetes begins be- 
tween the fifteenth and tliirtieth years, 
nephritis is similarly a major cause of 
death; but after 15 years of diabetes 
coronary disease becomes of equal 
prominence in this older group. The 
vascular disease of these young people 
is characterized by the fact that it af- 
fects all types of arteries. Atheromatosis 
of the larger vessels, arteriolosclerosis 
and medial calcification are found in 
various degrees. The renal lesions also 
are usually mi.xed, including the typical 
lesions of Kimmelstiehl disease and also 
typical lesions of pyelonephritis and 
chronic glomerulonephritis. Endocrine 
factors, infections, but chiefly loss of 
control of the diabetes itself are the 
prominent etiologic factors. In diabetic 
children the greater the frequency of 
diabetic coma, the more advanced the 
degree of vascular lesions found after a 
period of 15 years. Nevertheless, ar- 
teriosclerosis is not Inevitable. Many 
cases after 20 years of diabetes fail to 
show retinal lesions or vascular disease, 
inicn the c.xtraordinar)' improvement 
in the treatment of diabetes which has 
followed the introduction of insulin is 
considered, one cannot help but be 


optimistic for the future and refuse to 
“sell American medicine short.” 

Conclusions. Vascular disease in dia- 
betic patients in youth involves not 
merely the arteries and arterioles but 
also the veins and capillaries. Increased 
capillary fragility and retinal hemor- 
rhages often are early findings. Changes 
in die retinal veins are common. Renal 
complications associated with vascular 
disease include the Kimmelstiehl-Wfl- 
son syndrome, hypertension, edema and 
albuminuria with hyalinization of ar- 
terioles. Chronic pyelonephritis is fre- 
quently the cause of renal failure, 
occasionally in association with arterio- 
losclerosis and nephrosclerosis, and 
occasionally glomerulonephritis. The 
striking fact that all types of arterial 
disease occur in these young diabetic 
patients after years of diabetes may 
suggest multiple etiologic factors— in- 
fections, endocrine and metabolic. 
However, the development early in 
life, the definite relationship between 
degree of diabetic control and the se- 
verity of these vascular lesions speak 
for an intracellular vulnerability to 
various etiologic factors conditioned by 
diabetes itself. 

An estimate of 75,000 patients who 
now have diabetes or will soon develop 
it betiveen the ages of 15 and 30 years 
in the United States is conservative. 
The need for a concerted study of the 
relations between the character of dia- 
betic control, the proper use of insulin, 
the management of infections and the 
development of vascular disease in th" 
kidneys, retina and heart stands as a 
challenge to pathologists and internists 
alike. 
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The production of hyperglycemia mentioned, adrenalin was administered 
and glycosuria following the injection in dosage varying from 0.3 to 1.0 cc. 
of adrenalin, was demonstrated by of 1:1000 solution by hypodermic injec- 
MetEgar,'^ Paton,^‘ and Blum'* shortly tion, to individuals whose dietary in- 
after the turn of the present century, take had been subject to no standard- 
It was subsequently demonstrated that ization in the days preceding the test, 
such adrenalin-induced hyperglycemia Bierry and Rathery® showed that ad- 
failed to occur following hepatectomy renalin hyperglycemia may be signif- 
in e.\perimental animals and following icantly modified by diet. It seems 
ligation of the hepatic artery.®-*-’*®’*^ probable that tlie inconstant results 
Loeper and Verpy** first evaluated obtained by previous workers are refer- 
blood sugar response in humans with able to lack of adequate preliminary 
liver damage, as contrasted to normal standardization (see later), 
controls, and thought that the proce- We first became interested in the 
dure could properly be utilized as a lest procedure from a non-hepatic aspect; 
of liver function. Brill in 1929,** Sucks- that is, from the standpoint of variation 
dorff in 1930,*® Althausen and his co- of hepatic glycogen storage in certain 
workers, *'- ® Loeb, Reeves, and Glasier endocrinopathies. The investigation was 
in 1931,*® and Cantarow and Ricchiuti pursued initially in a somewhat spo- 
ilt 193-1' re-evaluated the procedure as radic fashion, being chiefly concerned 
a clinical test of liver function; but con- with the obtaining of control data in 
eluded that tlie adrenalin response was medical students and house officers, 
too unpredictable to permit its use as with an occasional observation on pa- 
a quantitative instrument. tients with endocrinopathies and hepa- 

In all of the investigations above topathies. This portion of the work was 

• 'rhi'> work ha» bet-n pc-rformed undc-r a conlract between tlie Office of Naval Research 
and the University of Cllifotnia. 

1 We wish "ratefully to acknowledge ample supplies of .Adrenalin Chloride Solution which 
ii.ive been furnished by Parke, Davis and Co. 
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of this and other pajx‘ts from this lalioratoiy. 
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finished in 1944, and will be noted be- 
low as Phase 1. 

Phase 2 began in the Philippines in 
1945. One of us, L.K., observed hun- 
dreds of patients suffering and conva- 
lescing from acute epidemic hepatitis. 
The majority of these patients on a 
regime of rest and adequate diet be- 
came clinically well within 4 weeks of 
the onset of jaundice. Those of us re- 
sponsible for the management of these 
men had 3 major problems: 

1. To determine, as early in the dis- 
ease as possible, which men would con- 
valesce in average time with a simple 
rest-diet regime, and which would de- 
velop the more serious degrees of hepa- 
titis, requiring more strenuous therapy 
and prolonged hospitalization. 

2. The evaluation of the effective- 
ness of therapeutic measures such as 
plasma, blood, and protein hydrolysate 
infusions. 

3. The matter of determining when a 
post-hepatitis patient was ready to re- 
turn to duty. 

Considerable data were obtained 
during this period. Because of the lack 
of optimal control in some phases of 
the study, a report was delayed until 
such time as the work could be re- 
peated on a smaller group under ade- 
quately controlled conditions. 

Phase 3, begun in 1946, constitutes 
such a controlled study. The observa- 
tions made in tire tropics, under poorly 
controlled conditions, have been con- 
firmed (see below). 

Results. Phase 1: Only data on nor- 
mal contiols obtained during this pe- 
riod will be considered at tliis time. 
Liver glycogen storage in endocrin- 
opatlries and in response to hormone 
administration will be reported in a 
separate publication. Fifty-four obser- 
vations were obtained on 39 adult 
males during this period. A dose of 0.01 
cc. of 1:1000 solution of adrenalin (10 
micrograms) per kg. of body weight 


000 

was arbitrarily selected as the standard 
amount to be administered intramus- 
cularly. This dose has been used 
throughout this study except in a few 
individuals, in whom 4 sets of values 
were obtained— 2 with the dose noted 
above, and 2 with larger dosage. No 
significantly greater blood sugar re- 
sponse was obtained in any instance 
with the larger dose. 

By way of preparation, all control 
subjects received a high carbohydrate 
intake for 3 days prior to tlie test. The 
importance of this in other “carbohy- 
drate” tests has previously been 
stressed.':* Initially, the procedure was: 
1. Fasting blood specimen for sugar 
determination; 2. Administration intra- 
muscularly of 0.01 cc. 1:1000 adrenalin 
per kg. body weight; 3. Blood speci- 
mens at 15, 30, 45, 60, 90, 120, 180 
minutes for sugar determination. 

The curves so obtained, with rare 
exceptions, were essentially identical 
with tliose obtained in a normal glvi- 
cose tolerance test. A composite pre- 
sentation of the above data is shown in 
Figure 1. 

In all but 1 instance in the first 20 
controls, tire ma.ximal rise was obtained 
between tlie 30 and 60 minute periods. 
Since the purpose of the test was to 
measure maximal adrenalin response 
(maximal hepatic glycogenolysis), the 
procedure was simplified by obtaining 
only 0, 30, 45, and 60 minute bloocl 
samples and reporting the test in terms 
of difference beriveen the fasting and 
maximal post-adrenalin blood sugars. 
This shorter procedure was followed in 
all subsequent tests. 

These data show that blood sugar 
elevation in response to adrenalin ad- 
ministration under standard conditions 
in normal individuals ranges from 40 
to 100 -r mg. per 100 cc., with an 
average value of 5S. This maximal ele- 
vation is obtained within 60 minutes 
following adrenalin administration. 

Phase 2. 143 tests of hepatic givcogen 



556 


KINSELL, MICHAELS, M'EISS, UAKTON: 


storage were performed on military 
personnel, all suffering or convalescing 
from acute epidemic hepatitis. Of these, 
110 performed on 76 patients were rea- 
sonably well controlled from the stand- 
point of a diet adequate in calories and 
high in carbohydrate ( by mouth or in- 
travenously) for one or more days prior 
to the tests. The remainder could not 


For descriptive purposes, the pa- 
tients have been divided into 3 groups 
on the basis of intensity of the jaun- 
dice, and duration of the disease. Group 
1 includes individuals with a ma.\imal 
icterus inde.x of 30 units and a duration 
of clinical jaundice of not more tlian 2 
weeks. Group 2, those witli a ma.\imal 
icterus of 60 and ma.vimal duration of 



FIGURE 1.— Hepatic glycogen storage test— Adrenalin response in normal subjects, showing 
average curve, r.ange, mean, and effect of dosage. Tlie larger dosage does not 
significantly increase the maximal response. 


be controlled adequately and are not 
included in these data. Long standing 
malnutrition in some of those patients 
included in the controlled group may 
very possibly have affected the adren- 
alin response, irrespective of the actual 
hepatic status of the individual. This 
was the major factor which led us to 
await Phase 3 before reporting our 
findings. 


jaundice of 4 weeks. Group 3 includes 
all those with the most severe form of 
the disease. The findings are shown in 
Fig. 2. In more than 80% the glycogen 
storage test values included in these 
averages were obtained during the first 
2 weeks of clinical jaundice. The corre- 
lation of the adrenalin response Nvith 
the clinical course of the disease, and 
with the icterus index seems obvious. 
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Correlation with other liver function 
tests, and serial values in the same in- 
dividual will be considered under 
Phase 3. 

As stated before, 3 major questions 
needed to be answered in these men:— 
(a) Early Determination of the Prob- 
able Severity of the Disease. It will be 
noted that the average response to 
adrenalin in the first and second 
weeks of the disease in Group 1 was 
within the normal range, and that gly- 
cogen storage test values in Group 2 
more closely approached the normal 
than did those in Group 3. (b) Evalua- 
tion of the Effectiveness of Therapeu- 
tic Agents. Aside from diet, the only 
therapeutic agents used in this phase 
of the program were plasma, and pro- 


Technic. The 3 day high carbohydrate, 
iso-caloric or hyper-caloric intake previousK- 
noted has been continued. In addition, be- 
tween 8 and 10 p.m. the night preceding the 
test, the individuals under study received 8 
ounces of fruit juice fortified with 2 ounces 
of glucose, the obvious purpose of all these 
measures being to obtain maximal storage of 
glycogen in the liver. 

Clinical Material. Over a period of almost 
2 years, a large group of patients witli acute 
hepatitis in all phases and of all degrees of 
severity has been studied. The same state- 
ment applies to men with cirrhosis, i.e., 
chronic, advanced liver damage, usually alco- 
holic in origin. 

A small group of patients with chronic, 
non-resolving, viral hepatitis has also been the 
subject of intensive study. 

All these men have been under unusually 
well controlled conditions with regard to food 
intake, activity, and clinical and chemical 
evaluation. A number have been on balance 


CLASSIFICATION 

NUMBER OF 
PATIENTS 

MAXIMAL 
DURATION Of 
JAUNDICE 

M4 <IMAL 

ICTERUS 

INDEX 

MAXIMAL 

EPNEPHHIN 

RESPONSE 

MILO HEPATITIS 

20 

2 WEEKS 

3 0 

4 6 

MODERATE hepatitis 

34 

4 WEEKS 

6 0 

3 2 

SEVERE HEPATITIS 

2 2 

LONGER 

2 0 0 + 

1 R 


FIGURE 2— Adrenalin response of patients studied in Phase 2, with mild, moderate, and severe 
hepatitis. There was little overlapping between the 3 groups. 


tein hydrolysates. To our considerable 
surprise, hydrolysates seemed to cause 
a more prompt clinical and chemical 
improvement tlian did plasma. This 
will be discussed further in another re- 
port. (c) Determination of Complete 
“Cure” of the Hepatitis. The glycogen 
storage test was not found to be a re- 
liable inde.x of “cure” in the sense of 
complete readiness for full activity. 
The adrenalin response usually became 
uonnal in the presence of an abnormal 
cephahn flocculation. 

Phase 3. With the inauguration of 
the present University of California- 
Navy research program in tlie patho- 
logic physiology of the liver, the fur- 
ther evaluation of this test under pre- 
cisely controlled conditions was given 
high priorit}'. 


study regimes; that is, luive liad absolute con- 
stancy of dietary intake during most of their 
period of study. 

Findings. Acute Hepatitis. In Fig. 3 
are shown serial studies of 10 patients 
selected essentially at random from 
several score of such individuals. .All 
10 men were less than 30 years of age 
and had “classical” forms of the dis- 
ease; all were severely jaundiced when 
first studied; all but one had histolog- 
ical confirmation of the diagnosis bv 
one or more biopsies; and all eventu- 
ally made complete chemical and clin- 
ical recoveries. Total bilirubin values 
are not shown in some instances be- 
cause of the use instead, of the icteru.s 
inde.v. 

P.\TiE.sr B.AB-Cliiucallv this in.m luade .1 
moderately slow, but otherwise uneventful 



recovery, ;ind rehiriietl to Iiis work a*; a 
batcher approximately 5 months after tlu’ clin- 
ical onset of the disease. lie was readmitted 
to the hospital 3’A months later with a recur- 
rence (or reinfection), from wliich he has 


apparently completely recovered. 'I'lic mean- 
ing of the variability of his glycogen storage 
le.st response during convalescence from the 
recurrence is not app.irent to nv at this time. 
l’,vrn:.vr HUO— had an initi.dly intense, but 



ICTPtUS IMSCX 


FIGURE 3— Serial hepatic glycogen storage values in 10 patients nath acute lis'er damage 
(hepatitis), including correlation with 3 standard tests of liver ftmetion. 
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rapidly resolving hepatitis, the course of 
which is well indicated by the glycogen stor- 
age test. 

Patient BUR— shows a glycogen storage 
test pattern which has been observed in many 
of these men— a normal or nearly normal value 
in the first day or two of the disease, followed 
by a drop to very low levels, and then a 
gradual rise, sometimes to high normal levels, 
the latter indicating, perhaps, major hepato- 
cellular regeneration. 

Patients CAS, DAV, HAU, JON, SMI, 
WIN, and HUN— show varying degrees of the 
above findings. 

As in the case of all tests of liver 
function with which we are familiar, 
there is no really close correlation of 
the glycogen storage test with any 
other laboratory procedure. In Fig. 4 


•ViU 

standing cirrhosis. The acute llare-up was in- 
duced by a combination of an alcoholic de- 
bauch and congestive heart failure. His liver 
was loaded with fat. On adequate dietary and 
cardiac management, he made a rapid re- 
sponse, which is reflected in his glycogen 
storage test as well as in the other tests of 
liver function. 

Patient DAN— Tliis man liad a typical, 
severe, alcoholic cirrhosis of approximately 20 
years duration. During the entire period cov- 
ered by the data presented (e.xcepting onl}- 
the last 2 values), he was under well con- 
trolled conditions on the hospital ward. Dur- 
ing this time he made sloxv but steady clinical 
improx'ement. The last 2 values were obtained 
several months after the patient had left the 
iiospital and was on a program of essentially 
full activity. The final glycogen storage test 
value was obtained after an all night bus ride 


eiVER function test 

CORRELATION 

NO 

CORRELAT itJ 

NUMBER OF 

observations 

CEPHAUN 

CHOLESTEROL 

FLOCCULATION 

63X 

37% 

140 

BROMSULFALEIN 

retention 

61% 

39% 

132 

THYMOL TURBIDITY 

60% 

A0% 

7B 

ICTERUS INDEX 

66% 

34% 

101 


FIGURE 4— Correlation of glycogen storage test with 4 other liver function tests in a random 
group of patients witii acute and chronic liver damage. 


are findings in patients with acute and 
chronic liver damage, selected at ran- 
dom, indicating a correlation of this 
determination with 4 other simple tests 
of liver function considerably more than 
would be obtained by chance, and 
showing a surprising closeness of per 
cent correlation in all 4 tests. 

Chronic Liver Damage (Cirrhosis). 
In Figure 5 are shown serial studies in 
10 patients with cirrhosis of varying 
extent and acuteness. The findings in 
these men are capable of more e.xact 
interpretation than are those in the 
patients with hepatitis, because of the 
more slowly changing nature of the dis- 
ease in the majority of instances. As in 
tlie hepatitis patients, the diagnosis has 
been proven in each indix-idual by one 
or more biopsies. 

P.vTiENT BE.\— Thii, Go ye.ir old m.m Wv\s 
admitted in a hyper.icuto pii.ase of a long 


without adequate preparation in terms of 
preliminary high carbohydrate intake. Inas- 
much as ho was clinically vastly improved at 
tliis time, it can be assumed that this final 
value emphasizes the need for adequate pre- 
liminary preparation for the test. 

Patient DRE— was one of the few patients 
in our group with irreversible, progressive 
liver damage. He died a few weeks after the 
last test shown. 

Patient GRA— Very similar to patient BE.\ 
—an acute, severe fl.ire-up of a long .standing 
cirrhotic process. He eventually w.as dis- 
charged free of symptoms, although with con- 
siderable permanent damage to tlie liver. 

Patie.vt HAN— .\n aged male with pro- 
nounced intrahepatic portal hypertension and, 
to date, intract.\blc ascites. \Vc cannot ex- 
plain the one normal bromsulfalein value. 

P.VTIENT xoung, alcoholic m.ilc, 

witli a large liver showing surprisinglv little 
fibrosis. Perhaps his extremely high gls cogen 
storage test response m.iy be expLiined on the 
basis of a lixer in a hxperregencrative ph.ise. 
Similar findings have been "observed in one 
other comp.irabic patient. 

Pahent NTB-.\. middle aged alcoholic 
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male with liistoloj'ic evidence of major liver 
damage, but free of ascites. Tlie very abnor- 
mal ^ycogen .storage tests in llie presence of 
a normal bromsulfalein lest emphasi'/es the 
value of this procedure as part of a panel of 
tests of liver function. 


Paiiiv.st PAH— a middle aged alcoholic 
cirrhotic, originally admilterl with e.xtremc 
iiscitcss which disappeared with adequate 
dietary' management. The peaks in the values 
of his tests are referable to specific therapeu- 
tic procedures— this is di-scussed elsewhere. 
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In him, as in NIB, the observation of abnor- 
mal glycogen storage test values in the pres- 
ence of normal bromsulfalein findings is 
striking. 

Patient WRI— A young alcohoUc cirrhotic 
with surprisingly normal chemical findings 
despite highly abnormal clinical and histolog- 
ical findings. It is interesting that the ab- 
normal glycogen storage test and a barely 
abnormal icterus index were the only chem- 
ical reflections of a major alcoholic debauch. 

Patient JOY— A middle aged male in the 
same category as NIB. 

Chronic (viral) Hepatitis. The data 
on these men are included in another 
article devoted to a discussion of this 
pathological entity. Suffice it to say 
here that for the most part the glycogen 
storage test findings correlate well 
with other laboratory observations. 

Discussion. The data here reported 
are representative of more than 2,000 
individual observations obtained over 
a period of 5 years. It is our very strong 
conviction that one contributes nothing 
to clinical or laboratory medicine by 
adding new, inconclusive procedures 
to an already badly confused field. It 
is our hope and belief, for the following 
reasons, that the glycogen storage test 
does not fall in this category: 

1. Any panel of tests of liver function 
should include some procedure which 
provides a clue to the carbohydrate 
metabolic activity of the liver. The 
glycogen storage test, as contrasted to 
procedures based upon the oral or 
intravenous administration of sugars, 
supplies essentially unequivocal infor- 
mation, in that the initial elevation of 
blood sugar, in response to adrenalin, 
can relate only to pre-e.\isting hepatic 


glycogen. It is theoretically possible 
that muscle glycogen, broken down to 
lactate in response to adrenalin, and 
then re-synthesized to hepatic glycogen 
might affect the shape of the curve if 
one followed it over a 2 to 3 hour 
period. This is of only academic 
interest insofar as the present report is 
concerned. 

2. From the representative data here 
reported, it is apparent that the gly- 
cogen storage test may supply evidence 
of hepatic abnormality which is not 
supplied by other function tests. It is 
equally obvious that the glycogen 
storage test does not in any sense re- 
place such standard procedures as the 
bromsulfalein and the cephalin chol- 
esterol flocculation tests. It is again 
emphasized that the reliability of the 
test is dependent upon a careful 
standardization of conditions during its 
performance. 

Summary. The blood sugar response 
to a standard intramuscular dose of 
adrenalin in- the normal adult, under 
standard conditions, is predictable and 
dependable. This response is appre- 
ciably diminished in patients with 
acute and chronic liver damage, but 
reverts to normal witli its improvement. 
The procedure may therefore properly 
be used as one of a “panel” of tests 
of liver function. 

Hemorrhage from esophageal \ar- 
ices has recently been observed in one 
man some hours post-adrenalin. It mai 
be that the association of splenomeg- 
aly and esophageal varices should be 
regarded as a contraindication to the 
procedure. 
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Since 1943, various substances which 
will interfere with the tubular excre- 
tion of penicillin have been studied. 
Diodrast-’i-'i3 and para-amino hippu- 
ric acid^-^^ have proven to be effective 
but must be given by continuous intra- 
venous administration in large doses 
and are not clinically practical for this 
reason. Benzoic acid®-*’’^® sodium ben- 
zoate, and more recently carona- 
midef®'®’® have been used orally. With 
the exception of caronamide all are 
thought to act by blocking the tubular 
excretion of penicillin. Bronfenbrenner 
and Favour® reported 4 to 7-fold en- 
hancement of blood penicillin levels 
when benzoic acid was given orally but 
found that severe fluid and salt restric- 
tion was necessary to accomplish this. 
Spaulding, Bondi, and Early^® also 
reported favorably on the use of this 
substance for enhancing blood levels of 
orally administered penicillin. Boger 
and Baker'^ have recently reported fail- 
ure to increase blood penicillin levels 
by the use of benzoic acid when fluid 
and salt intake was not restricted. 

In the last few months, several 
papers have appeared which deal with 
the clinical use of caronamide.^-'® All 
have reported the effectiveness of this 


substance in increasing blood penicillin 
levels. Rather exhaustive renal studies 
in dogs have been carried out by 
Beyer,® who has been unable to find 
any evidence of renal damage from 
this drug. Boger and Baker" have re- 
ported that the administration of caron- 
amide will increase the blood penicillin 
levels by about 8-fold and that this 
effect can be achieved at any dose level 
of penicillin. 

To determine the clinical useful- 
ness of such a drug two questions must 
be answered. (1) When administered 
orally over a long period in amounts 
that will be tolerated by the patient, 
does the drug effectively increase the 
blood penicillin level? (2) Under these 
circumstances, does the drug produce 
any renal damage? As far as caron- 
amide is concerned, the question of 
renal damage seems to have been well 
answered in the negative. There is no 
available information of this sort con- 
cerning benzoic acid. This report is 
presented in an effort to answer the 
above questions. 

Methods: Tlie penicillin blood levels were 
determined by tlie redncl.ise metliod of Reid 
.md Brewer. This nietliod ' 4 .i\e uood repro- 
ducible results within the range of blood con- 
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centrdtions found in our subjecti and luis the 
advantage o\er other meUiocL. in that tlierc 
IS a sharp endpoint and one that is easy to 
read. The method was checked by repeated 
determination of known concentrations of 
penicilhn in sahne and in serum and w.is also 
checked against the Raminelkamp metliod. 
Under all tiiese circumstances it was found to 
be adequate. All determinations were* care- 
fully controlled for the presence of the so- 
called “antisubtilis factor t Detenninations 
were usuall) made within a few hours of 
the time the blood sample w.is withdrawn 
and when this w.is not fe.isiblc the scrum 
ssas promptly separated and frozen Blood 
urea nitrogen lesels were detennmed by the 
method ot Arcliibald* and the endogenous 
creatimne clearances were determined by the 
usual Jaffe reaction using a tungstate filtrate. 

Plan of Study and Results. Benzoic 
Acid— Nine patients in the Intensive 


Treatment Center (7 with early syph- 
ilis and 2 with central nervous system 
syphilis) were selected as subjects for 
tins study. zVll were free from evidence 
of any other disease, particularly renal 
or hepatic, except i who showed con- 
sistently a diminished creatinine clear- 
.mce without other e% idence of disease. 
z\t the start it was thought that the 
patients could be studied while receiv- 
ing the routine treatment of maphar- 
sen, penicillin and bismuth but it soon 
was discos cred that mapharsen caused 
a sharp, though temporary, reduction 
in renal function. Consequently the 
patients used in this experiment 
received only penicillin. No attempt 
was made to limit either fluid or food 


I’ABLE l.-BLOOD PENICILLIN LEX'ELS AND BLOOD UBEA NITROGEN LEVELS IN 
PATIENTS RECEIVING 12 CM. OF BENZOIC ACID DAILY 
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Chart 1.— The blood penicillin level, blood urea nitrogen, and creatimne clearance of 1 
patient who received 12 gm. of benzoic acid per day for 14 days. None of these was sigmficantly 
different from control levels. 
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intake during the experimental periods. 
Crystalline penicillin G in saline was 
administerea intramuscularly to ■ all 
subjects in doses of 30,000 units every 
3 hours. The control period was started 
after the subjects had received peni- 
cillin for 18 to 24 hours. Penicillin and 
blood urea nitrogen levels were deter- 
mined daily one and one-half hours 
after the most recent dose of penicillin 
and the endogenous creatinine clear- 
ance was measured at the beginning 
and end of the experimental period and 
in some cases on the fifth day as well. 
After a 4-day control period, 12 gm. of 
benzoic acid divided into 8 doses was 
administered orally for the next five 


(Chart 1). The blood urea nitrogen 
levels showed no consistent alteration 
beyond the rather wide variation from 
day to day that is to be expected when 
the patient is receiving the usual 
hospital diet. In no case did the endog- 
enous creatinine clearance show any 
significant change from the control 
period. Routine urinalysis also failed to 
show any abnormality. 

Caronamide. Twelve patients (5 lue- 
tics and 7 convalescent from various 
infectious diseases) were used as sub- 
jects. All were free from evidence of 
renal or hepatic disease. Blood peni- 
cillin levels were determined daily at 1 
and 3 hours after an injection of peni- 


TABLE 2.-BLOOD PENICILLIN LEVELS IN PATIENTS RECEIVING 

CARONAMIDE DAILY 


Paliciit 

Control Period 

Dose 


While receiving Caronamide for 


PeniciUin/cc. blood 

Caronamide 

24 hrs. 

48 hrs. 

72 hrs. 


Av. 1 hr. 

Av. 3 hrs. 
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Ihr. 
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0.06 
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days to all the subjects except one, who 
received this amount of benzoic acid 
for 14 days. 

The results of these observations are 
summarized in Table 1. It may be seen 
that of the 9 subjects, there was some 
increase in the average blood penicillin 
levels in 3, no essential change in 3, 
and a lower average level in 3. Individ- 
ual charts, however, show that the 
changes were not constant from day 
to day and that there was reaUy little 
essential change over the control level. 
One Patient (J. V.) did show about a 
2-fold enhancement but only after 
receiwng benzoic acid for 7 days 


cillin. All subjects received aqueous 
penicillin intramuscularly at 3 hour 
intervals, but did not necessarily 
receive the same dose. Each individual 
subject, however, did receive the same 
amount of penicillin throughout the 
e.xperiment. After a 2 day control 
period, the patients were given caron- 
amide in doses varying from 12 to 24 
gm. per day in 8 equal doses for the 
next 3 days. In addition to these short 
term studies, combined penicillin and 
caronamide therapy was maintained 
for at least 1 month in 2 subjects. Each 
patient received 24 gm. or more of 
caronamide per day. Penicillin levels 
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were determined 2 or 3 times a week. 
The purpose of this part of the experi- 
ment was not so much to determine 
enhancement of the blood penicillin 
levels as to evaluate the feasibility of 
administeiing caronamide over a long 
period. 

The results of the caronamide study 
are shown m Table 2. It may be seen 
that doses of 12 and 16 gm. per day 
failed, in most cases, to alter the blood 
penicillin level significantly. Doses of 
20 to 24 gm. per day, however, gave 


this patient it became necessary at 
times to increase the penicillin dosage. 
Therefore, the actual increase in blood 
penicillin levels cannot be viscribed 
wholly to eaionaimde. We were partic- 
ularly interested in one phenomenon, 
sliown m Chart 3. After administration 
of 24 gin. of caronamide per day for 8 
days, the penicillin levels fell off 
rather sharply and symptoms recurred. 
When the dose of caronamide was 
increased to 32 gin. per day the blood 
penicillin levels became stable and 


IZ 3 451234SI2345 



Chart 2 —The effect of various closes of caronamide on tlie iilood penicillin le\ el of individual 
subjects The arrows indicate tlie time at which the .idnnnislr.ition of penicdhn and caronamide, 
respectively was begun. 


4 to 16-fold increases in the blood 
penicillin level (Chart 2). It is of 
interest to note that in a number of 
cases the blood penicillin levels were 
higher 48 and 72 hours after beginning 
caronamide than at 24 hours. It is note- 
worthy too that in many cases caron- 
amide produced a greater relative in- 
crease in the blood penieiUin level at 3 
hours than at 1 hour after injection. 

The results in 1 of the 2 patients with 
subacute bacterial endocarditis are 
shown in Chart 3. In the treatment of 


remained so during the rest of the time 
that caronamide was being adminis- 
tered. 

This patient, who died on his 96th 
hospital day, received a total of 1650 
gm. of caronamide in 58 days. At 
autopsy the kidneys were grossly normal 
and on section showed no abnoiinality 
that could be attributed to the drug. 
This suggests that this drug even in 
large doses for long peiiods does not 
damage the kidneys. 
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Discussion, From the above data, it 
is evident that the administration of 12 
gm. of benzoic per day has little effect 
in enhancing the blood penicillin levels. 
It is true that this quantity is not as 
great as others have used, but pre- 
liminary observations convinced us 
that this dosage was about all that the 
usual patient would tolerate over a 
long period of time. Even with this 
relatively small amount, about one 
third of the patients complained of 
gastric burning and some anore.xia. It 
is entirely possible that had salts and 


acid over periods up to 14 days and 
conclude that this drug, in the doses 
used at least, does not damage the 
kidney. 

Caronamide, on the other hand, 
when given in doses of 20 gm. a day 
or more appears to be an effective 
agent for increasing the blood penicillin 
levels, and has tlie additional advantage 
that no limitation of salt or fluid seems 
to be necessary. More important, per- 
haps, is the ability of caronamide to 
prevent the rapid decline of blood 
penicillin levels between injections 
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Chart 3.— Suinuiary of data olRained in 1 patient with Miljucute bacterial t-ndocarditis. In 
that portion of the cliart designated by weeks, the amount of earonamide and penieillin admin- 
istered is indicated as the average per day for that week. 

Note the sharp pre-mortal ri.se in the blood penicillin level. 


fluids been strictly limited, the levels 
might have been higher but such 
restriction over several days is difficult 
at any time and in the presence of a 
febrile illness would be undesirable. 
Boger and Baker" used up to 24 gm. of 
benzoic acid per day and demonstrated 
no increase of the blood penicillin 
levels. We were unable to demonstrate 
any evidence of renal impairment 
during the administration of benzoic 

O 


during intermittent parenteral adminis- 
tration. 

\Ve have found this druij to be 
ordinarily well tolerated bv the 
patients, .About one-quarter of the 
patients complained of mild anore.xia 
which seemed to correlate best with 
the number of pills they were taking. 
No severe reactions attributable to ca- 
ronamide were observed. 

We did not determine the blood or 
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urine caronamicle levels of any of the 
subjects in this series. Such measure- 
ments may prove to be useful for 
adjusting caronamide dosage. We 
believe, however, tliat the alteration of 
the blood penicillin level gives a good 
inde.x as to tlie elfectiveness of the 
caronamide dosage and at the same 
time offers more useful clinical informa- 
tion tlian the caronamide level. This is 
well illustrated in Chart 3. 

It has been stated by a number of 
investigators that in the treatment of 
most of the infectious diseases that 
respond to penicillin, higher levels are 
easily obtained by simply increasing 
the dose of penicillin and that the 
various enhancing agents are of no 
great clinical value. In general, we are 
in accord with this view. However, in 
certain diseases, particularly subacute 
bacterial endocarditis and those infec- 
tions caused by an organism with a 


relatively high resistance to penicillin, 
caronamide is a valuable adjuvant to 
therapy, and combined penicillin and 
caronamide will result in higher and 
better sustained levels than can be 
obtained by the use of any reasonable 
dose of penicillin alone. ‘ 

Summary and Conclusions. 1. In the 
presence of normal fluid and electro- 
lyte intake, benzoic acid was ineffective 
in enhancing tlie blood penicillin level. 
In doses of 12 gm. per day for periods 
of I-I days or less no measurable 
renal damage was observed. 

2. Caronamide in suitable dosage is 
an efl'ective agent for increasing and 
prolonging the blood penicillin concen- 
tration. 

3. One patient received 1650 gm. of 
caronamide and showed no damage to 
the kidneys when these were e.xamined 
post mortem. 
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The determination of normal in 
roentgenograms of the chest in infants 
and children is difficult because of the 
constantly changing appearance of the 
chest owing to the growth and develop- 
ment of the child. By definition, normal 
means “according to or constituting an 
established norm, rule or principle.” 
In deciding what is to be the standard 
of. normal in an infant or child, proper 
latitude must be provided to include 
those normal variations in morphology 
which are secondary to the normal 
growth and development of the child 
and which are without significance in 
the diagnosis of disease. 

In addition to the effect of growth 
and development on the roentgenogram 
of the chest there are also obvious 
mechanical |)roblems associated with 
obtaining roentgenograms of the chest 
in infants and children. In the adult in 
most cases it is possible to obtain the 
patient’s co-oneration. so that roent- 
genograms of the chest are fairlv uni- 
form with respect to the phase of respi- 
ration and the position of the chest on 


the roentgenogram. With children, on 
the otlier hand, even with care in roent- 
genography it is difficult to obtain uni- 
form results. Roentgenograms may be 
made in almost any phase of respira- 
tion; position is difficult to control and 
rotation of the patient may produce 
apparent changes in the roentgeno- 
gram, making interpretation difficult. 
Even with restraining devices motion 
is difficult to control. Clothing and hair 
braids, muscle and soft tissue shadows 
seem to be more confusing in the inter- 
pretation of roentgenograms of the 
chest in infants and children than in 
adults. 

Interpretation of the roentgenograms 
of the chest in infants and children de- 
pends on a consideration of these fac- 
tors that will influence the appearance 
of the roentgenogram but the diagnosis 
of normal is not directlv related to 
these factors, e.vcent that they may act 
to obscure and confuse the correct diag- 
nosis. The roentgenogranhic diagnosis 
of normal deoends on the recognition 
of a progres.sion of changes which take 

{.> 011 ) 
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place in the healthy child, which are 
evident on the roentgenogram of the 
chest and which are not associated with 
disease. 

In order to determine what should 
be included in the range of normal in 
infants and children and also to deter- 
mine, if possible, the time, nature and 
degree of any changes in the roent- 
genographic appearance of the chest 
that might be associated with their 
growth and development, I reviewed 
the thoracic roentgenograms of several 
hundi'ed children. These children had 
no symptoms referable to the chest or 
evidence suggesting pulmonary disease. 
All these roentgenograms had pre- 
viously been reported as negative. 

In reviewing these roentgenograms I 
tried to correlate the roentgenographic 
findings with the age of the infant or 
child. For the purposes of interpreta- 
tion, the structures of the chest repre- 
sented on the roentgenogram were 
divided into: 1, the bones of the 
thoracic cage and shoulder girdle; 2. 
the aorta, pulmonary vessels and medi- 
astinal shadow, exclusive of the thy- 
mus; 3, the cardiac silhouette; 4, the 
bronchovascular markings; 5, the dia- 
phragm; 6, the lungs; and 7, the thy- 
mus. The age groups of these infants 
and children were also arbitrarily di- 
vided into: 1, newborn through the 
first month; 2, 1 month through 12 
months; 3, 1 year through 3 vears; 4, 
4 through 7 years; 5, 8 through 12 years. 
These various age groups were not de- 
termined until after the roentgeno- 
grams of the chest had been reviewed 
and then the separation into these vari- 
ous age groups seemed to be a rather 
natinal procedure in view of the find- 
ings as noted on the roentgenograms. 

Bikth Through the Fmsr Month. 
In most of die roentgenograms of the 
chest in newborn infants the ribs are 
perpendicular to the soinal column and 
encircle the thorax at the same level 


that they leave the spinal column. This 
varies somewhat with the phase of res- 
piration and occasionally the more 
adult type appearance is seen with 
anterior downward slope of the ribs. 
The body of the scapula and the 
acromion process, as well as the clavi- 
cles, are fairly well formed, although 
the coracoid process is not well devel- 
oped. The epiphysis of the head of 
the humerus can be seen as a small, 
rounded area of increased density be- 
tween die upper end of the shaft of 
the humerus and the glenoid fossa of 
the scapula. 

The shadow of the aorta is not seen. 
The pulmonary vessels are also very 
diflBcult to identify. The mediastinal 
shadow, which seems to be propor- 
tionately wide, is produced by die thy- 
mus and the cardiac silhouette. 

Cardiac size and shape are extremely 
variable in newborn infants. Farrell- 
has classified the heart shape into 4 
groups: 1, long narrow; 2, broad apical 
with a narrow base; 3, broad apical 
with a broad base; and 4, round globu- 
lar. The second and third types make 
up the great majority of cardiac contour 
types in infants. Determination of car- 
diac size in infants is not wholly satis- 
factory, possibly because the phase of 
respiration affects the cardiac contour 
proportionately more in newborn in- 
fants than later in life. Weymuller, Bell 
and Krahulik® stated that accurate 
measurement of the cardiac shadow on 
the roentgenogram is technically im- 
possible because of the great individual 
variadon in cardiac size and contour. 
FarrelP measured the heart size in new- 
born infants and found that the cardio- 
thoracic index was 0.55, only 0.05 
greater than that taken to be normal 
in adults. Most investigators are agreed 
that although there is probably some 
cardiac enlargement the first and sec- 
ond days of life, there is probably a 
fairly regular tendency toward reduc- 
tion in the size of the heart as mani- 
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tested on the roentgenogram after the 
second day. 

In my experience the bronchovas- 
cular markings were proportionately 
smaller and less distinct in the newborn 
infant than in older persons. 

The diaphragm assumes varied con- 
tours peculiar to the individual. It may 
be domeshaped, flat or even conical. 
CaflEey^ stated that the conically shaped 
diaphragm tends to be present more 
frequently early in life than later but 
the shape of the diaphragm, once es- 
tablished, does not change appreciably 
during growth to adulthood. Propor- 
tionately the extent of diaphragmatic 
motion is about the same in infants and 
children. 

The lungs of stillborn infants are 
seen as a homogeneous dense shadow 
on the roentgenogram of the chest. In 
the living infant at birth, air enters the 
atelectatic lung, causing expansion of 
the alveolar spaces. In some cases the 
process of expansion is incomplete and 
atelectatic areas are noted in the roent- 
genogram of the chest. Wasson^ has 
pointed out that on the one hand these 
may be small patches of increased 
density in the lung involving only small 
regions of parenchyma or on the other 
hand whole lobes may be unexpanded. 
The time required for complete e,x- 
pansion of the lungs has been estimated 
by Wasson^ to vary from 5 minutes to 
2 weeks, Solis-Cohen and Bruck® re- 
ported an incidence of 4 % of cases of 
newborn infants with atelectasis. Wey- 
muller, Bell and Krahulik*’ reported 1 
infant in 25 who presented roentgeno- 
graphic evidence of incomplete expan- 
sion of the lungs. The bases of the 
lungs are probably the last portions of 
the lungs to become completely aer- 
ated. Atelectasis due to incomplete ex- 
pansion of pulmonary tissue is probably 
not often seen after tire first few days 
of life. WassonS, and Weymuller, Bell 
and Krahulik'’ described linear mark- 
ings in the lungs of newborn infants 


that are fairly prominent and can be 
traced vyell out to the periphery of the 
lungs. These markings are seen rather 
frequently, but disappear after the first 
few weeks of life. The reason for their 
presence is not entirely clear. They 
rnay be associated with incomplete ex- 
pansion of the lung but their continuity 
with hilar shadows suggests that they 
may be related to some adjustment in 
the pulmonary circulation which takes 
place early in life. 

Farrell- reported the presence of a 
roentgenographically recognizable thy- 
mus in measurable chests in a little less 
than one third of his cases of newborn 
infants. It is probable that roentgeno- 
grams made in the expiratory phase 
would demonstrate a much higher per- 
centage of thymuses. The incidence of 
a thymus in newborn infants depends 
on what is interpreted as thymic 
shadow. In my experience there is a 
recognizable thymic shadow in prac- 
tically all newborn infants, although 
there is great variation in its size and 
shape. Classifications devised to de- 
scribe the numerous thymic outlines 
become too complicated because of the 
protean character of the organ. 

One Month Through 12 Months, 
From 1 month through 12 months the 
thoracic cage does not change appre- 
ciably, The ribs in most cases are 
similar in position to those of the new- 
born infant. The capital epiphysis of 
the humerus grows in size and presents 
an oval appearance. 

The aorta is not visible because on 
leaving the heart it passes directly up- 
ward, backward and down. The pul- 
monary vessels may be seen. If meas- 
ured they are found to proportionately 
larger with respect to the size of the 
chest than later in life. 

The cardiac size gradually decreases 
during the first year of life, and when 
the child is 1 year old the ratio of 
cardiac size to chest size is appro.xi- 
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mately that of the adult. Cardiac size 
is probably in normal ratio • after 6 
months. 

The peribronchial and perivascular 
markings become better defined dur- 
ing the first year, but they are less 
noticeable at this time than tliey are 
during the next year of life. The lungs 
in the region of the cardiophrenic 
angles are still relatively clear, and the 
peribronchial and perivascular mark- 
ings tliat can be seen are more or less 
confined to the immediate region of 
the hilus of the lung. 

The diaphragm in this age group is 
not remarkable. The diaphragmatic 
level varies between the eighth and the 
tenth ribs posteriorly, depending on 
the degree of inspiration and on in- 
dividual constitutional structure of the 
child and the characteristic appearance 
of the diaphragm. 

The growth in length of the child 
gives the lungs a more adult appear- 
ance. There are generally no areas of 
fibrosis or calcification encountered in 
the lungs in infants of this age. 

The thymus is usually still present if 
it was seen roentgenologically at birth. 
Wasson'^ has stated that the thymus 
continues to enlarge up to 1 year of 
age, after which it begins to decrease 
in size. My experience has been that 
most of the thymuses that are seen at 
birth are smaller by the time the infant 
is 1 year old. Perhaps this is due to a 
difference in the rate of growth of the 
infant’s chest and the thymus, with the 
chest growing faster than the thymus. 

One Yeab Through 3 TifcARS. In the 
average infant, the ribs be'lin to shape 
downward anteriorly behveen 1 and 
2 years of age, and usually by the time 
the child is 2 years old the ribs have 
reached the relative position and shape 
they will maintain throughout life. The 
clavicles and scapulae are well formed. 
The epiphysis for the greater tuberosity 
of the humerus appears near the age of 


2 years, and the proximal end of the 
humeral shaft acquires a pointed or 
conical shape. The aortic shadow is 
still not seen. The mediastinal shadow, 
composed of the bases of the great ves- 
sels and die thymus, is narrower, part- 
ly owing to growth in length of the 
chest and partly to regression of the 
thymus. The pulmonary vessels are still 
slightly larger in proportion to the 
entire chest but between the second 
and third years this disproportion dis- 
appears. 

The cardiac silhouette has assumed 
its normal relative proportion to the 
rest of the chest, and although the 
shape varies with the individual there 
is nothing remarkable about it. 

During the period between 1 and 3 
years of age the child usually learns to 
walk and spends relatively more of his 
time on his feet. Beginning at 1% years 
of age there was noted an increase in 
the bronchovascular markings in the 
roentgenogram of the chest. The ap- 
pearance of die bronchovascular mark- 
ings on the roentgenogram may be 
influenced by; 1, the amount of over- 
lying soft tissue; 2, the phase of respira- 
tion; 3, the exposure factors used in 
obtaining the roentgenogram; and 4, 
the amount of connective tissue pres- 
ent in the peribronchial and perivas- 
cular tissues. If all these factors are 
taken into consideration there is still 
a relative increase in the prominence 
of the bronchovascular markings be- 
tween 1% and 3 years. It has been sug- 
gested that there may be some dis- 
nroportion in growth between the 
bronchi and vessels and the parenchyma 
of the lung. Wasson'^ has stated that 
there is a relative increase in the 
bronchovascular markings from birth 
to 3 years of age. In my experience 
there is a gradual increase in these 
markings between IV 2 years and 3 
years. In the 3 year and 4 year age 
groups they are most marked, being 
proportionately more evident than in 
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the adult, except for the aged. Maresh 
and Washburn^ pointed out that in 
follow-up studies of infants and chil- 
di’en the variation in the prominence of 
bronchovascular markings is as much 
,a part of individual changes in growth 
and development as differences in size 
and shape of the cardiac silhouette. In 
the opinion of tliese authors, each child 
establishes his own normal for the 
appearance of the hilar shadows and 
pulmonary markings soon after birth, 
and these characteristics are main- 
tained throughout life without any 
consistent relation to the amount of 
infection that may be present in the 
accessory sinuses of the head. 

The diaphragm in this age group 
was not remarkable. The average dia- 
phragmatic level with respect to the 
ribs was between the ninth and tenth 
posterior ribs. In the roentgenograms 
■■ reviewed for this age group the dia- 
phragm appeared to be flatter and less 
dome-shaped. There was no apparent 
explanation for this fact. 

The pulmonary parenchyma is not 
remarkable in this age group, and in 
the average child no pulmonary paren- 
chymal shadows are seen on the roent- 
genogram. 

In my experience the shadow of the 
thymus is usually smaller at 1 year of 
age tlian at birth, and it decreases in 
size until by 3 years of age it has dis- 
appeared. Very little of the shadow of 
the thymus remains to be seen at 2 
years of age. Wasson stated that the 
.shadow of the diymus in children 
usually disappears by the twenty- 
sixtli or twenty-eighth month. Mosher, 
Macmillan and Motley^ reported that 
roentgenograms of the chest in 2,344 
cliildren from 1 to 16 years of age dem- 
onstrated thymic shadows in 7.5%. Of 
these, 20% were seen at 1 year of age, 
23% at 2 years, 20% at 3 years and 
10% at 4 years, nath the remainder 
more than 4 years of age. 


Four Through 7 Years. The bones 
of the thoracic cage and the shoulder 
girdle do not show any appreciable 
change early in this age group. The 
epiphyses of the head of the humerus 
and the greater tuberosity of the hum- 
erus begin to fuse. The ribs, clavicles 
and scapulae show tlie evidences of 
growth that may be e.xpected. The 
cortex is somewhat thicker and the 
trabeculation of medullary bone is 
more well defined. 

In the average child the aortic knob 
is not seen. The pulmonary vessels are 
proportional to the size of the chest. 

The cardiac silhouette is of normal 
shape and size. 

The bronchovascular markings in the 
3 year to 4 year age group, which seem 
to be more prominent and proportion- 
ately heavier than in older children and 
adults, gradually become less marked 
and assume a normal adult proportion 
as the child reaches tlie 5th to the 
7tli year. 

The appearance of the diaphi-agm is 
not significant in this group. 

The pulmonary parenchyma occa- 
sionally shows a small area of fibrosis 
or a tiny area of calcification in normal 
children in tlris group between 4 and 
7 years. It may be argued that a 
roentgenogram of the chest that dem- 
onstrates fibrosis or calcification in a 
child is not normal. On the other hand, 
such findings in an otherwise healthy, 
normal child without any previous his- 
tory of recognized disease are rather 
difficult to explain, unless they can be 
classified within the limits of normal. 

The thymic shadow in the normal 
child has disappeared by tins time. 

Eight Through 12 Ye.-vrs. Probably 
very few roentgenologists would agree 
now with a statement made over 25 
yeai-s ago that “the chest of a child 
(from 6 to 10 years of age) from a 
roentgenologic standpoint is subject to 
such wide variation within normal lim- 
its as to be beyond tlie possibility of 
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exact description®.” With present-day 
equipment it is possible to obtain 
roentgenograms of a quality that 
makes exact description easier. By the 
time the child has reached 8 years of 
age, the relative proportions of the 
bones of the thoracic cage, the heart, 
lungs and other structures have 
reached a ratio which is relatively nor- 
mal in proportion to the chest as a 
whole. The aortic knob can frequently 
be identified. Areas of calcification and 


fibrosis in the lung are not uncommon 
and calcification in the hilar nodes is 
also fairly frequent. 

Conclusions. The roentgenograms of 
the chests of infants and children pre- 
sent somewhat different findings from 
those of adults, and the range of nor- 
mal is wider in infants and children 
than in adults. The variants of normal 
in infants and children are associated 
with the growth and development of 
the child. 
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Attempts to affect the course of 
neoplastic disease in animals and man 
by the internal use of chemical agents 
have met with limited, though measur- 
able success. Chemotherapeutic agents 
of demonstrable activity include arsen- 
icals, benzol, urethane, and nitrogen 
mustards. These may be regarded as 
effective by virtue of a selective injury 
to proliferating cells (see reviews 
by Karnofsky^-, Gellhorn and Jones-®). 
I'he mechanism underlying selective 
damage may be related to actions 
against basic metabolic functions com- 
mon to all cells. Nevertheless, specific 
susceptibility of proliferating cells to 
such derangements could result from 
their greater dependence on syntlietic 
mechanisms to supply the needs of 
growth and cell division. Alternatively, 
the complex mechanisms underlying 
cell division may involve unique bio- 
chemical processes exhibiting specific 
susceptibilities to the actions of chem- 
ical agents. Accordingly, non-dividing 
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cells are less affected. Similar consider- 
ations based on the relatively rapid 
rate of growtli characteristic of many 
malignant tissues have stimulated in- 
vestigations into the possible relation- 
ship between deficiencies of vitamins 
and the course of neoplastic diseases'*^. 
The requirements of rapidly growing 
malignant tissues for accessory growth 
factors may be relatively great, thus 
rendering them susceptible to retarda- 
tion or even inhibition by vitamin de- 
ficiencies induced in the host. Since 
vitamins are known to be key com- 
ponents of co-enzyme-prosthetic groups 
of enzymes^®'^'^, reductions of amounts 
available to malignant tissues may 
have the same chemotherapeutic re- 
sult as the agents mentioned above. 

Evidence specifically relating vitamins 
and malignant growth was considered 
unimpressive as recently as 1944 in a 
detailed review of the subject by Burk 
and Winzler^®. Since that time, how- 
ever, new investigations have demon- 
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strated the potential chemotherapeutic 
value ot aefaciencies of certain vitamins 
ot tlie B-complex. Of specific interest 
to the present review are studies sug- 
gesting tire dependence of tlie growdr 
of a variety of tumors on the utilization 
of folic acid. These studies followed 
the elucidation of the structure of folic 
acid and the subsequent syntliesis of 
a series of closely related structural 
analogs which act as specific antagon- 
ists of fohc acid. Tliis review deals witli 
the current knowledge of the latter 
substances, not as regards proven use- 
fulness as chemotherapeutic drugs, but 
concerning tlie demonstration that 
anti-metabohtes can inhibit growtli 
of tumors. 

Folic Acm as a Vitamin. In order 
to understand tlie function of folic acid 
in the development of neoplastic tis- 
sues, it is essential to consider the 
manifestations of folic acid deficiency 
in normal tissues. It is, therefore, of 
value to review briefly the current 
status of folic acid in nutrition of var- 
ious organisms. Only some of the land- 
marks in the history of the vitamin 
will be mentioned. For more detailed 
information the reader is referred to 
excellent reviews of others^’^'^’^’^^’®®-®*'. 

The name “folic acid” was first ap- 
plied to concentrates of spinach con- 
taining an active principle required 
for the growth of certain microorgan- 
isms’’®. The \ntamin has been isolated 
in pure form from liver®®-"® and from 
yeast®. Proof of its structure was ob- 
tained by the svnthesis of pteroyl- 
glutamic acid (PGA)®®-®®. Two con- 
jugates of the vitamin containing varv- 
ing numbers of glutamic acid residues 
have been isolated from natural 
sources, namely, pteroyltriglutamic 
acid®® (see reviews by various authors’ 
and by Jukes and Stokstad” for proof 
of structure 1 and peteroylheptaglu- 
tamic acid®®’®'. 

The requirements of many lactic 


acid bacteria as well as other species 
for PGA have been well established 
(see review by Jukes and Stokstad’’). 
The growth of a ciliated protozoon 
has also been found dependent on 
PGA’®. Among insects larval develop- 
ment of the mosquito Aedes aegijpti is 
possible in the absence of folic acid 
but pupation does not occur®®. The 
larval development and pupation of 
the flour moth, the flour beetle, and 
the meal worm, fail in the absence of 
adequate levels of PGA in the diets of 
these insects®®’®®. 

Studies on folic acid requirements of 
birds and mammals have revealed 
proliferating tissues to be selectively 
dependent for normal activity on the 
presence of adequate levels of the 
vitamin. Thus a cardinal feature of 
folic acid deficiency in warm-blooded 
organisms is a derangement and de- 
pletion of myelopoiesis and erythro- 
poiesis. Inadequate levels of the vita- 
min in tlie diet of chicks lead to 
anemia, leukopenia, and thrombocyto- 
penia, as well as poor feathering 
and inadequate growth”’®’-®®. Rats re- 
ceiving purified diets, supplemented 
by sulfonamide drugs to suppress vita- 
min-synthesis by intestinal flora, de- 
velop anemia and granulocytopenia as 
the result of inhibition of myelopoiesis 
and erythropoiesis. Such lesions re- 
spond promptly to the administration 
of PGA’®’®®’’®’®®. In monkeys the feed- 
ing of diets low in PGA leads to 
granulocytopenia, megaloblastic ery- 
thropoiesis with attending macrocytic 
anemia, and various disorders of the 
digestive tract with lesions of the oral 
mucosa and diarrhea’®-’^’®’ ■®®. The 
satisfactory response of the deficiency- 
disease in monkeys to administration 
of PGA has its counterpart in various 
human macrocyh’c anemias which are 
amenable to therapy with the vitamin. 
Successes achieved in alleviating signs 
and svmptoms of some, macrocytic 
anemias of infancy and pregnancy, and 
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megaloblastic anemias refractory to 
parenteral liver therapy, as well hemat- 
ological remissions produced in perni- 
cious anemia, have evidenced the 
nutritional importance of folic acid as 
a factor for normal hematopoiesis in 
man (see reviews'^’’^'^’*^’®®’®®). 

Conjugated forms of PGA, pteroyl- 
triglutamic acid, pteroylheptaglutamic 
acid, and pteroyldiglutamic acid, ap- 
pear to be as effective as PGA in al- 
leviating folic acid deficiency in birds 
and mammals’’’^®'®®’’^®’'’®. Presumably 
the activity of the conjugates results 
from enzymatic hydrolysis of the poly- 
glutamyl portions with release of free 
PGA. Enzymes designated as “con- 
jugases” have been found in a variety 
of tissues capable of releasing PGA 
from the more complex conjugates®. 

The administration of pteroyldiglu- 
tamic acid, pteroyltriglutamic acid, 
and pteroylheptaglutamic acid in nor- 
mal humans is followed within a few 
hours by increased levels of free PGA 
in blood and urine'^®''^®’®^. The concen- 
trations achieved aoproximate those 
following the administration of molar 
equivalent doses of unconjugated PGA. 

Folic Acid Antagonists. After it 
had become evident that PGA is an 
essential metabolite for the mainte- 
nance of myeloid and erythroid tissues, 
it was logical to assess its role in neo- 
plastic tissues, especially those of 
hematopoietic origin. While some suc- 
ce.ss has been achieved in preventing 
the growth of at least one e.xperimental 
tumor by dietary restriction of folic 
acid (see below), investigations in this 
field have been largely concerned 
with the chemotherapeutic potentiali- 
ties of potent antagonists of PGA. The 
possibilities inherent in the use of 
analogs to antagonize the biological 
actions of vitamins were first estab- 
lished by ^Voods®^ in the classic dem- 
onstration of antagonism between sul- 
fanilamide and para-aininobenzoic acid 
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in microorganisms. A satisfactory gen- 
erlization of the actions of metabolite 
antagonists has been made by 
Wooley®®. "... a metabolite functions 
by first combining with a particular cell- 
ular unit which is usually regarded as 
an enzyme or possibly some other spe- 
cific protein. . . . Now, in order for 
the first step to occur, the metabolite 
must possess certain structural features 
and the firmness of combination with 
the protein is determined in part by 
these. A similarly constituted com- 
pound is able to undergo this combina- 
tion, but since its structure is not iden- 
tical with that of the metabolite, its 
firmness of union will be different. The 
conjugate of analog and protein is, 
however, a new and foreign compound 
and is unable to proceed through the 
rest of the cycle of reactions. Like the 
fabled dog in the manger the analog 
denies the organism the use of the 
metabolite and thus creates a defi- 
ciency of the latter.” 

The first analog of PGA found to 
antagonize the vitamin in mammals 
was a crude product synthesized to 
contain a methyl-substituted pteroyl- 
glutamic acid, referred to as “X-Methyl 
folic acid”®’^’®®. When the agent was 
added as a supplement to deficient 
diets in concentrations several thou- 
sandfold greater than that of PGA, 
characteristic signs of PGA-deficiency 
in mice, chicks, and rats were acceler- 
ated in appearance and enhanced in 
severity. The syndrome was readily 
prevented or successfully treated by 
administration of elevated levels of 
PGA. In later studies with mice®® and 
pigsu.', 32 , species relatively resistant to 
deficient diets, supplements of X- 
methyl folic acid caused hematological 
lesions which readily responded to 
treatment with the vitamin. In pigs 
the signs of the deficiency resembled 
sprue in the appearance of megalo- 
blastic anemia, leukopenia, and diar- 
rhea. 
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Many additional analogs of PGA 
have been prepared exhibiting antag- 
onisms toward the biological actions 
of folic acid in one or more microor- 
ganisms, birds, or mammals. Of pres- 
ent interest is a related series of antag- 
onists which was introduced by the 
synthesis of 4-aminopteroylglutamic 
acid (4-ammo-PGA~^). The series is 
characterized by the replacement of 
the 4-hydroxyl of PGA with an amino 
group with varying modification of the 
remainder of the molecule. Observa- 
tions of the effects of 4-amino-PGA in 
mice, rats, and chicks proved it toxic 
and even fatal within a few days after 
administration in diets in concentra- 
tions which were approximately equi- 
valent to the amounts of PGA pres- 
g]jj-26,64,83_ Simultaneous administration 
of PGA provided only limited protec- 
tion against the toxic actions of the 
congener. 

The potency of 4-amino-PGA, its 
rapid effects, and the fact that its 
actions are not readily prevented by 
PGA, has raised the question whether 
it is a true folic acid antagonist. How- 
ever, the sites of its primary actions 
are confined to the bone marrow and 
mucosa of the intestinal tract in guinea 
pigs®®, mice®®, rats, and dogs®®'®®. 
Changes in bone marrow are con- 
^'sient \vith the effects of folic acid 
deficiency. Mice e.xhibit depletion of 
nucleated erythroid elements®® and 
rats, guinea pigs, and dogs show a 
marked reduction of all hematopoietic 
elements. Moreover, in dogs, erythro- 
noiesis becomes partly megaloblastic, 
a finding which has been observed 
with regularitv in patients undergoing 
treatment with 4-amino-PGA and its 
congeners®-®^. Damage to bone morrow 
and megaloblastic erythropoiesis and 
also destruch'on of the intestinal 
epithelium are marked within 24 hours 
after the administration of lethal doses 
of 4-amino-PGA. Similar changes .are 
obser\'ed follonnng the use of less 


potent analogs of 4-ameno-PGA, name- 
ly 4-amino-N lo-naethyl-pteroylglutamic 
acid and 4-amino pteroylaspartic 

acid22.70.2Ba_ 

On the basis of the evidence just 
summarized it has been concluded that 
the administration of 4-amino congen- 
ers of PGA in effective doses induces 
signs of PGA-deficiency^®. The extreme 
nature of the lesions noted and the 
rapidity of their onset warrant the use 
of the term, “absolute deficiency,” in 
descriptions of the syndrome repro- 
duced by these agents. The agents 
may quickly deprive dependent cells 
of the vitamin resulting in metabolic 
derangement and, in turn, necrosis. 

Effect of PGA and Conjugaies 
ON Experimental Tumors, Leuchten- 
berger et al. reported in 1945 complete 
regression of 38 of 89 spontaneous 
breast cancers in 3 different strains of 
mice treated with daily injections of 
5 micrograms of an L. casei factor^®"’®. 
The percentage of spontaneous regres- 
sion was only 1% as compared with 
43% of their injected animals. The same 
group of workers reported inhibition 
of growth of transplanted Sarcoma 180 
with folic acid concentrates and fer- 
mentation L. casei factor (pteroyl-tri- 
.glutamic acid, teropterin, PTGA) in 
short term e.xperiments®®-®^. 

These results could not be confirmed 

by subsequent investigations^2.so,!)7. jjgj. 

ther did PTGA nor PGA. when in- 
jected into mice inoculated with leu- 
kemic cells inhibit the development 
of the leukemia or prolong the life of 
e.xperimental animals'^'^. Moreover, 
treatment with 100 mg. per kg. per dav 
of PGA failed to inhibit the growth of 
sarcoma T241 in mice®®^. Doses of .50 
mg. per kg. per dav had no inhibitorv 
effect on mammarv adenocarcinoma 
(E0771), Harding-Passey melanoma, 
Wagner osteogenic sarcoma, and Pat- 
terson lymphosarcoma in mice, nor on 
sarcoma 39 and Flexner-Tobling car- 
cinoma in rats®®*. Furthermore, no 
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growth inhibiting effect of PTGA was 
noted on Sarcoma 180 or the spindle 
cell tumor Ma387 growing on the 
chorioallantoic membrane of the chick 
embryo’’^. 


Effect of PGA and Gonjugates on 
Human Tumors. Farber and cowork- 
ers^*’ studied the effect of pteroyl- 
diglutamic acid (diopterin) and PTGA 
on 90 cases of advanced carcinoma and 
sarcoma in man. The tumors included 
gliomata of brain, sarcoma of bone, 
acute leukemia, lymphosarcoma, Hodg- 
kin’s disease, seminoma, and carcinoma 
of tongue, pharynx, esophagus, stom- 
ach, colon, rectum, kidney, bladder, 
prostate, cervix uteri, ovary, and gall 
bladder. No curative effect was noted 
after an average period of treatment of 
5 weeks with average daily doses of 
20 mg. of either drug. Only a few 
temporary regressions in size of sub- 
cutaneous nodules or of large meta- 
stases were seen. Many patients im- 
proved in morale and felt better from 
being given a new drug and much 
attention. In some cases, however, 
there was also a diminution in pain 
and in requirement for sedation or 
analgesis. 

A later report®® described the effect 
of PTGA on 7 cases with chronic lym- 
phoid leukemia, 2 with chronic myeloid 
leukemia, 2 with multiple myeloma, and 
2 with acute lymphoblastic leukemia. 
The patients were treated for periods of 
4 to 10 weeks with doses ranging up to 
200 mg. per day. In the cases of acute 
Ivmphoid leukemia PTGA appeared to 
convert the acute course into a chronic 
one. In the other cases there was no 
effect. Further studies'^® of 20 cases of 
advanced widespread cancers treated 
with PTGA for periods of 1 to 3 
months with daily intramuscular in- 
jections of 50 mg. failed to reveal ob- 
jective evidence of tumor regression. 
Ne\'ertlieless, dramatic clinical im- 
provements were described. Labora- 


tory studies showed a decrease of ab- 
normally elevated alkaline or acid 
phosphatase but no changes in hema- 
tology. All patients exhibited a sense 
of well being and often the require- 
ment for opiates was decreased. 

Another group®"* treated 35 patients 
with advanced carcinoma. Twenty to 
50 mg. of PTGA were given intramus- 
cularly twice daily for periods of 2 
weeks to 12 months. In 34 cases no 
change in the natural course of the 
disease was noted. In one case, how- 
ever, a complete regression of meta- 
static nodules of a breast cancer in the 
lung followed 3 months of daily doses 
of 40 mg. A fiuther case of regression 
in advanced metastatic breast car- 
cinoma was reported in a patient 
receiving PTGA but previously treated 
with oophorectomy and testoster- 
one'*^-'*®. 

Since some of the findings reported 
above created widespread interest and 
expectation, the Council on Pharmacy 
and Chemistry of the American Medi- 
cal Association^ deemed it necessary 
to explore the current status of PTGA 
and diopterin in the treatment of hu- 
man cancer. On the basis of results sub- 
mitted to the Council of 154 cases 
treated with PTGA and 121 cases 
treated with diopterin, it was con- 
cluded tliat the agents had no specific 
anti-carcinogenic effects. This conclu- 
sion is supported by experiences men- 
tioned above with experimental tumors 
in which the majority of investigators 
failed to find tumor-inhibiting action 
by either PGA or its conjugates. Indeed 
it would be paradoxical to find folic 
acid in free or conjugated form acting 
as a growth-inhibitor. 

Effect of PGA Deficiency and 
Ant.a.gonists on Experimental 
Tumors. As mentioned previously the 
role of folic acid for the maintenance 
of proliferating tissues stimulated stu- 
dies of the influence of deficiences on 
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the growth of neoplastic tissues. Work- 
ing with a single strain of New Hamp- 
smre red chickens susceptible to New- 
castle disease, Little and cowork- 
gj-gij.or showed that the growth of Rous 
sarcoma could be controlled by regu- 
lating the amount of PGA in the diet 
of cliicks. The authors reported tire 
failure of Rous sarcoma to “take” or 
develop in one day old chicks main- 
tained on PGA-deficient diets for 21 
days after inoculation with the tumor; 
controls died with tumors witlrin 16 
days after inoculation. Small amounts 
of folic acid added to the diet stimu- 
lated tumor growth. However, in 6- 
week old birds kept on the folic acid 
deficient diet Rous sarcoma “took” in 
60%. Subsequent therapeutic studies 
with 4-amino-PGA and related antag- 
onists were carried out on baby chicks, 
1 and 2 days old, maintained on a 
diet permitting tumor growth^®-®^. In 
the clucks tumor development was in- 
hibited in a high percentage of cases. 
The compounds were found to be 
toxic and, while preventing the devel- 
opment of tumors, killed the chicks 
with signs of folic acid deficiency. In 
4- to 9-week old chicks with established 
Rous sarcoma a tumor-inhibiting effect 
of 4-ammo-PGA and 4-amino-pteroyl 
aspartic acid ( 4-amino-PAA ) was also 
seen. In eggs, however, 4-amino-PGA, 
in doses fatal to the embryo within 4 
to 7 days, failed to inhibit the growth 
of Rous sarcoma on the chorioallantoic 
membrane'*-®. 

The effect of 4-amino folic acids was 
studied on mouse tumors, Sarcoma 180 
and Ma3S7, growing on the chorioal- 
lantoic membrane of embiyonated 
eggs. The tumors were well establish- 
ed on the 12th day when the yolk sacs 
were injected with the compounds. 
Sarcoma 180 showed severe damage 
with cytoplasmic vacuolation and 
widespread necrosis. Sarcoma Ma387 
showed only minor damage. Both 
tumors, however, were still viable on 


bioassay in susceptible mice. The doses 
necessary to produce lesions in the 
tumors were lethal to chick em- 
bryos^-®'^". 

Extensive studies with 4-amino-PGA 
and related antagonists were carried 
out in mice (AKM) witli different 
strains of leukemia®''^’’. The survival time 
of treated mice after inoculation with 
leukemic cells was compared with that 
of controls as a measure of tumor in- 
hibition. The 4-amino compounds were 
given first 48 hours after the leukemic 
cells were injected. Treatment was con- 
tinued 3 times weekly for 10 doses. It 
prolonged survival time in varying de- 
grees for different strains but pro- 
duced no cures. Furthermore, mice 
with an established leukemia injected 
with supralethal doses and sacrificed 
2 and 48 hours later gave positive 
bioassays for leukemic cells. 

Of great interest were findings of 
the effect of 4-amino-PGA and related 
compounds on a series of mouse and 
rat tumors®°''^2’'*h Susceptible mice 
were inoculated with Sarcoma 180 
and after 24 hours treatment was initi- 
ated witli varying doses. During treat- 
ment with effective doses tumor 
growth was inliibited but was resumed 
as soon as therapy ceased. When the 
administration of antifolic compounds 
was delayed for more than 24 hours 
after tumor implantation, the inhibi- 
tory effect of treatment became pro- 
gressively weaker and was hardly no- 
ticeable after 7 days delay. The mater- 
ials were found to be rather toxic to 
mice and the range between tumor 
dose and lethal dose was narrow. 
Doses effective against tumor growth 
also depleted normal erythropoiesis in 
bone morrow®". Of the agents tried, 
4-amino-Nio-methyI-PGA provided the 
most favorable range of therapeutic 
activity. 

Further studies with 6 other mouse 
and 2 rat tumors using a similar tech- 
nic, but giving the tumors in rats a 6 
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day start, were very illuminating'^’’®'*’^. 
The investigators found marked inhibi- 
tion of the Patterson lymphosarcoma 
in mice and of the reticulum cell sar- 
coma, R39, in rats. Sarcoma R39 ap- 
peared to be so sensitive that on sev- 
eral occasions bioassays in rats were 
negative with tumor material from 
treated animals. These experiments 
provided a spectrum of reaction of 
experimental tumors according to their 
susceptibility to the antifolic com- 
pounds. The effective tumor doses in 
the rats were quite toxic; many died 
with depletion of the marrow and in- 
testinal lesions. The mammary adeno- 
carcinoma, E0771, and the Harding- 
Passey melanoma in mice showed only 
a slight inhibition. The Wagner osteo- 
genic sarcoma in mice characterized 
by a high alkaline phosphatase as well 
as the Flexner-Jobling carcinoma in 
rats showed no inhibition whatsoever. 

According to the above findings the 
4-amino-folic acids prevent the devel- 
opment of Rous sarcoma in New 
Hampshire Red baby chicks and in a 
few cases cure the rat sarcoma, R39. 
The effect on a few other susceptible 
tumors is only growth-inhibition but 
never curative and to obtain this action 
the compounds have to be given 
shortly after tumor implantation. Tire 
results clearly indicate that a great 
varietv of susceptible and resistant 
tumors exists. 

Effeci’ of d-Axtmo-PGA and Re- 
lated Antagonists in Human Cancer. 
The early reports of the use of folic 
acid antagonists in the treatment of 
human leukemia created much interest. 
After it had been observed that 3 cases 
of chronic myeloid leukemia rapidly 
relapsed under treatment with PGA 
and improved on withdrawal of the 
\itainin, a crude antagonist, “X-methyl 
folic acid,” was employed in one fur- 
tlrer case®-*. A remission resulted after 
100 days of tz-eatment. On mdidrawal 


of the antagonist the leukemia re- 
lapsed. A second remission had begun 
following renewed treatment with the 
antagonist when the patient died. 

About the same time investigations 
were in progress employing the first of 
the series of 4-amino-analogs, namely, 
4-amino-PGA or aminopterin. Later 
members of the series include 4-amino- 
Nio-methyl-PGA or amethopterin and 
4-amino-PAA or amino-an-fol. Farber, 
Diamond, et al, were the first to report 
preliminary studies with aminopterin 
in 16 children with acute leukemia-'*. 
Various degrees of temporary improve- 
ment occurred during therapy in 10 
cases. Details of laboratory studies and 
clinical findings were given of 5 cases. 
Six failed to respond and 4 of these 
were dead at the time of reporting. 
Spleen, liver and lymph nodes de- 
creased in size and a marked effect on 
the leukemic bone marrow with de- 
crease of immature cells in the peri- 
pheral blood was noted in responsive 
cases. Hemoglobin and platelets tended 
to return to normal. Studies on bone 
morrow showed changes varying from 
a decrease to a disappearance of 
leukemic cells. A wide range of gen- 
eral hypoplasia of the marrow with 
erythrocyte precursors and megalo- 
blasts was seen. Further to.xic mani- 
fe.stations of the drug such as stom- 
atitis with ulceration occurred, and 
crude liver as well as PGA and con- 
jugates were given to forestall them. 
Blood transfusions and antibiotics were 
also given as supporting therairy when- 
ever necessary. 

In a later paper Farber®’ reported 
remission in cases of Hodgkin’s di- 
sease, lymphosarcoma, and neuro- 
blastoma, exact details of which have 
not yet been published. Also reported 
were results of 60 children with acute 
leukemia treated with aminopterin, 
ametliopterin, or amino-an-fol. Glini- 
cal and hematological improvement 
were claimed in about 50% of these 
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cases, which have not yet been de- 
scribed in detail. The effective daily 
doses used were 0.5 to 1.0 mg. for 
aminopterin, 3 to 5 mg. for amethop- 
terin, and 25 to 50 mg. for amino-an- 
fol. In this group stomatitis, ulceration 
of mouth and tongue, pharyngitis, 
atrophic changes in Qie intestinal epi- 
thelium, diarrhea and intestinal hemor- 
rhage, and depletion of the marrow 
leading to aplasia were noted. Efforts 
to counteract these effects with liver 
e-xtract, vitamin B-compIe-x and folic 
acid, were only partially successful. 
Suspension of administration of an- 
tagonists for 4 to 7 days appeared to 
be more effective. 

Farber introduced an arbitrary mini- 
mum of 3 weeks of life of an acute 
leukemia while under treatment with 
antifolic compounds as basis for ad- 
mission of the case to his statistics. 
During this period tire patients most 
severely ill will have died or the anti- 
folic therapy given will have had an op- 
portunity to affect the disease. This 
arbitrary selection might e.xplain in 
part the high proportion of remissions 
claimed for antifolic therapy. The re- 
missions reported were temporary in 
all instances though 2 children were 
alive after about 2 years. 

Subsequent investigators, using ap- 
proximately the same doses of 4- 
amino-PGA and its analogs in the 
treatment of leukemia and cancer, en- 
countered often the to.xic symptoms 
described by Farber. Attempts to pre- 
rent or treat these lesions with liver 
extract or folic acid failed and treat- 
ment had to be interrupted or aban- 
doned for this reason. Furthermore, 
no definite pattern of treatment 
with the 4-amino-folic acids has yet 
emerged. Treatment is adjusted to the 
individual tolerance, and requirement 
varies from case to case. Some investi- 
gators have treated until tumor remis- 
sions occurred and then continued with 
a maintenance therapy. Others have 


given several separate courses of 
treatment with intervals when severe 
marrow changes or tumor remissions 
occurred. 

Additional studies by other workers 
using similar doses of the 4-amino-folic 
acid antagonists in the treatment of 
acute leukemia of childhood revealed 
further information. Guest®' had the 
best results with 7 remissions in 10 con- 
secutive cases. Other authors reported 
lower incidences of remissions. Meyer'*^ 
saw 4 remissions in 18 cases,, Bur- 
chenaP, 3 in 19 cases. Pierce"', 5 in 9 
cases, Stickney^**, a few in 18 cases, and 
fCracke'®, slight improvements in 14 of 
29 cases. But Neligh et nZ.®' saw no 
effect on the clinical course. 

In adults with acute leukemia 
Meyer®’’ saw 3 temporary remissions in 
20 cases, Dameshek'®, 9 in 31 cases, 
Burchenal et aU, 2 in 12 cases, and 
other workers®®, only occasional im- 
provement. 

According to the figures at hand, 
a total of about 250 cases of acute leu- 
kemia in man have been treated with 
the 4-amino-folic acids with tempo- 
rary remissions in about 30%. The re- 
missions typically lasted from several 
weeks to a few months. In some in- 
stances several remissions were ob- 
served in the same case; but no cure 
was claimed by any investigator. 

In chronic lymphoid leukemia a de- 
crease in immature lymphoblasts and 
an occasional slight decrease in the 
size of enlarged lymph nodes but no 
real remissions were noted®'®-®"'®'. In 
chronic myeloid leukemia a decrease 
in total leukocyte count and decrease 
of the primitive elements xvith an in- 
crease of the more mature forms and 
a transitory slight decrease of en- 
larged spleens were noted. However, 
no remissions occurred comparable to 
the ones seen in cases of acute leu- 
kemia. The erythropoiesis showed in 
both forms of chronic leukemia marked 
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depletion and became partly megalo- 
blastic^’®'^. 

Other workers studied the effects 
of the 4-amino-folic acids in 40 human 
cancers. In adults they observed re- 
gression of metastasis of 2 cases of 
breast carcinoma and decrease of the 
size of a seminoma. In children® two 
cases of lymphosarcoma and 1 case of 
reticulum cell sarcoma showed tempo- 
rary remissions. But other cases of 
lymphosarcoma, Hodgkin’s disease, my- 
cosis fungoides, multiple myeloma, 
neuroblastoma, osteogenic sarcoma, 
Ewing’s sarcoma, cancer of the lung, 
bladder, stomach, female breast, ovary, 
sarcoma of the jaw and melanocar- 
cinoma failed to respond. 

From the above it is evident that 
the 4-amino-folic-acid antagonists have 
a definite action on erythropoiesis, 
myelopoiesis, and lymphopoiesis in 
man. The best therapeutic effects so 
far obtained in cancer of man are re- 
peated temporary remissions of acute 
leukemia in children and adults. 

Comment. The evaluation of the 
effect of the 4-amino-folic acids on the 
acute leukemias in man is difficult. 
Unlike the situation in animal experi- 
ments with controls and repeatable, 
well-defined conditions, the diasjnosis 
as well as the course of the disease 
is variable. According to Diamond 
(quoted from Farber®^) in children 
with acute leukemia spontaneous re- 
missions occur in 10% of all cases. 
Spontaneous remissions in adults have 
also been described with an emphatic 
warning not to forget this facU’’^-®®. 
Furthermore, the diagnosis of acute 
leukemia is based on the time of death 


and sometimes cases diagnosed as 
acute have become subacute or chronic. 
The increased care of patients with 
antibiotics, blood transfusions, and 
hemostatics and the intense study of 
the cases under treatment introduce 
factors not included in previous statis- 
tics. However this may be, it is the 
imjiression of some investigators that 
the compounds have a definite effect 
on the acute leukemic process as re- 
flected in a remission rate never seen 
before. 

One must look forward to future re- 
search to explain why only a fraction 
of the acute leukemias respond to 
treatment and chronic cases respond 
so rarely; why in some cases relapses 
are seen under maintenance therapy 
with the 4-amino-folic acids; and why 
in other cases remissions occur follow- 
ing therapeutic attempts when liver 
and folic acid are given to palliate toxic 
manifestations. 

Experimental work in chickens meas- 
uring folic acid requirements of dif- 
ferent tissues is of great interest in 
this connection’^’^^’®^’®®’®®. It has been 
shown in birds that general growth, 
growth of feathers, pigmentation, ery- 
thropoiesis, and myelopoiesis can be 
selectively inhibited by varying grades 
of folic acid deprivation. Such results 
indicate that growing tissues of the 
normal organism vary significantly in 
their needs for folic acid. This can be 
expected to hold for neoplastic tissues. 
These experiments might be an indi- 
cator for future work to measure the 
folic acid requirements of tumor cells 
and for tumor growth and thus to ex- 
plain varying response of neoplastic 
tissues to folic acid antagonists. 


ADDENDUM 

Since ^ writins' this review, additional information has been received by personal com- 
munication. Silverman found regression of leukemic skeletal lesions and the occurrence of 
lieavy trans\’erse bands^ of increased density at the ends of shafts of long bones in 7 children 
Ueated with aminopterin (to be presented before the Society for Pediaiic Research, Atlantic 
City, Tunc 1919). L. Meyer^T augmented his obseryations %vith S patients with acute leukemia 
treated with amino-an-fol without apparent effect. C. H. Smith treated with aminopterin 10 
clnldren who had acute leukemia. He obser^^ed reductions of blast forms in the marrow in 
some instances and, in one child, a transitory increase in normoblasts but no true remission. 
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M. Wintrobe treated 10 patients with acute leukemia with aminopterin and noted a distinct 
remission in one adult lasting for about 6 months. Two children at present under treatment 
are doing reasonably well. 

J. H. Dale’s statistics of tlie course of acute leukemia in children (J. Radiol., 1949, in press) 
are of special interest and may serve to assess the effectiveness of chemotherapeutic procedures 
on tire basis of time of survival. Of 72 cases of leukemia in children observed during the period 
from September 1932 to June 1948, 39 had a complete follow-up. Thirty-six of the cases 
e.xhibited clinical manifestations of “acute” leukemia and showed a predominance of blast 
forms. Twenty-seven (75%) of the 38 cases died within 6 months of onset of the disease, 
8 cases (22%) died between 6 months and one year, and one case died after 14 months. 
These results illustrate the variable course of “acute” leukemia. An even higher percentage 
might have been e.xpected to survive for longer than 6 months had antibiotics been available 
during the whole period of the recorded observations. It is against the background of the 
natural course of the disease and of effects of supportive therapy in the form of blood 
transfusions and antibiotics that therapeutic claims have to be evaluated. 
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Blood Temperature in the Heart and 
Blood Vessels of the Dog. Steven M. 
Horvath, hl.S., Ph.D., E. L. Foltz, 
M.D., A. Rubin, M.D., and B. K. Hurr, 
P. T. (Dept, of Physical Medicine, 
Graduate School of Medicine, and the 
Dept, of Pharmacology, School of Med- 
icine, Univ. of Penna.). Temperatures 
of the blood, tissues, skin and rectum 
in anesthetized dogs have been deter- 
mined. Coumand type catheters with 
thermocouples at the tip were placed 
roentgenoscopically in the coronary 
sinus and the right ventricle or pul- 
monary artery. These catheters were 
also used to measure temperature in 
other areas of the body. Smaller cathe- 
ters were similarly inserted into the 
femoral artery and vein. The emf de- 
veloped by the thermocouple was 
measured with a type K-2 Leeds and 
Northrup potentiometer. 

The vascular temperatures obtained 
indicate clearly that tlie concept of a 
uniform body temperature is erroneous. 
The temperature varies widely and is 
dependent on activity of the organs and 
the environmental temperature. Since 
morphine-nembutal anesthesia has a 
tendency to lower body temperature, it 
was possible to study the temperature 
gradients at different rectal tempera- 
tures. The following table presents 
some of the mean temperatures and 
gradients obtained in 19 e.xperiments 
on 11 animals. 

The work of the heart was altered 
with intravenous injections of epine- 
phrine, aminophylline and methedrine 
and with inhalations of amyl nitrite. 
The temperature of the blood in the 
right heart and coronary sinus during 
(.5St)) 


the action of drugs was determined. 
These data were discussed in relation 
to the effect of these drugs on cardiac 
work and cardiac efficiency. 


Location of Catheter 

°F. 

Rt. Ventricle 

98.7 

Pulmonary Artery 

98.7 

Coronary Sinus 

98.9 

Femoral Arteiy 

98.3 

Femoral Vein 

96.6 

Muscle, Thigh 

97.6 

Subcutaneous, Thigh 

96.5 

Skin, Thigh 

92.1 

Rectum 

99.1 


The Effect of Intravenous Amino- 
phylline upon Cardiac O.Yygen Supply 
and Demand. E. L. Foltz, M.D., A. 
Rubin, M.D., and W. A. Steiger, M.D. 
(Dept, of Pharmacology, Univ. of 
Penna., and Division of Cardiology, 
Philadelphia General Hosp.). Changes 
in the coronary arteriovenous oxygen 
difference were studied in 14 normal, 
intact dogs under morphine-nembutal 
anesthesia. Arterial blood was obtained 
by femoral artery puncture while 
coronary venous blood was sampled 
from the coronary sinus through a 
catheter which was introduced under 
fluoroscopic guidance (Am. J. Physiol., 
152, 341, 1948). Simultaneous arterial 
and coronary venous samples were 
collected before and after the intra- 
venous injection of either saline or 
aminophylline solution. 

Coronary venous oxygen saturation 
fell during a period from 4 to 8 minutes 
after injection of aminophylline; the 
mean values for saturation decreased 
from 30.2% to 17.7%, and the unsatura- 
tion (Cor. A-V difference) rose from 
62.1% to 74.1%. Compared with data 
of saline control e.xperiments, the dif- 
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ferences are significant. No measurable 
change was noted in mean arterial 
blood pressure; mean pulse rate in- 
creased from 145 to 165 beats per min- 
ute. Electrocardiographic record re- 
vealed no significant change in pattern 
as a result of catheterization, exper- 
imental procedures, or drug injections. 

Previous studies have demonstrated 
that aminophylline dilates the coronary 
vessels but also stimulates the heart to 
contract more vigorously with resulting 
increases in cardiac output and cardiac 
work; the observed changes in coronary 
venous oxygen saturation indicate that 
the stimulating effect of aminophylline 
increases cardiac oxygen consumption 
more than the coronary vasodilating 
action augments coronary flow and the 
delivery of oxygen. The result is the 
production or intensification of myo- 
cardial anoxia. 

Inhibition of the Knee Jerk from 
Tendon Spindles of Crureus. G. P. 
McCouch, M.D., I. D. Deering, M.S., 
W. B. Stewart, M.D., and W. W. 
Chambers, Ph.D (Depts. of Physiol- 
ogy and Anatomy, Univ. of Penna.)., 
In decerebrate cats the tension of quad- 
riceps and the action potential of rec- 
tus and crureus were isometrically re- 
corded. The knee jerk was elicited by 
a mechanical tapper, which stretched 
the muscle by raising the lever shank. 
Conditioning volleys, not significantly 
above threshold for contraction, were 
delivered through bare needles of 
which one passed through the patellar 
ligament, the other transversely 
through vastocrureus a few millimeters 
proximal to the tendon of crureus. 

Inhibition curves may be preceded 
by facilitation at intervals between con- 
ditioning and test stimuli up to 2 m. 
sec. This is followed by a descending 
limb, which reaches ma.ximal depth 
widiin 8 or 9 m. sec. Total duration of 
inhibition is variable, being greater with 
more proximal positions of the muscle 


electrode, which involve more recep- 
tors, than with distal positions which 
engage fewer end organs. It ranges 
from 20 to 100 m. sec. With 4 elec- 
trodes, one in the patellar ligament and 
3 in crureus approximately 10, 21, and 
29 mm. from the distal end of the mus- 
cle, curves were run conditioning from 
each adjacent pair. Inhibition was deep 
from the distal, slight from the middle, 
and virtually absent from the proximal 
pair. 

Two factors may be postulated to 
account for the shape of the curve. The 
first is facilitation from the inevitable 
involvement of muscle spindles. The 
second results from the multisynaptic 
character of the inhibitory arc and its 
consequent afterdischarge. 

Intermediary Metabolism of Phenyla- 
lanine Labeled with Bernard 

ScHEPARTZ, Ph.D.,* and Samuel Gurin, 
Ph.D. (Dept. Physiol. Chem., Univ. of 
Penna.). Administration of DL-phenyl- 
alanine (labeled in the carboxyl and 
alpha positions) to phlorhizinized rats 
results in the appearance of C^"* in the 
urinary ketone bodies as well as in the 
respiratory COo. Upon incubation of 
this type of phenylalanine with liver 
slices, acetoacetate labeled solely in the 
carboxyl group is obtained. 

When ring-labeled phenylalanine 
(carbons 1, 3, 5) is administered to 
phlorhizinized rats, appears in the 
respiratory COo as well as in the ace- 
tone moiety of the urinary acetoacetate. 
Incubation of ring-labeled phenylala- 
nine with liver slices produces aceto- 
acetate labeled chiefly in the terminal 
methyl group. 

The aromatic ring of phenylalanine 
readily undergoes cleavage in the 
course of metabolism, the immediate 
precursor of acetoacetate being a four- 
carbon unit derived from the ring and 
side-chain. Apparently no two-carbon 
units are involved in this pathway. 

It is apparent that the alpha carbon 
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books will cubninate Dr. Friedmans pro- 
tracted efforts to collect all that is known and 
some things that are unknown about this 
interesting and widely prevalent parasitosis. 

The first volume unites in revised form 
2 of the author’s previously published works 
( “Scabies— Civil and Military” ( 1941 ) and 
“Biology of Acarus Scabei” (1942)). It deals 
with scabies from the earliest times to the 
beginning of America’s participation as an 
active belligerent in World War II. Volume 
2 will contain the advances made from the 
beginning of World War II until the end of 
1947. Volume S will be devoted to the history 
of scabies, and Volume 4 will contain chiefly 
translations of certain classical contributions 
to our knowledge of scabies. 

Written by one of the world’s foremost 
authorities on scabies, this volume meets 
the reviewer’s most critical e.vpectadons. 
Nothing of importance has been omitted. It 
is beautifully illustrated and well written. 
It has appeal both for the medical historian 
and the clinician. 

H. B. 


Handbook of Diseases of the Skin. By 
Richard L. Sutton, M.D., and Richard 
L. Sutton, Jr., M.D., Univ. of Kansas 
Medical School. Pp. 749 ; 1057 ills. St. 
Louis: C. V. Mosby, 1949. Price, $12.50. 
The Suttons have achieved brevity and 
practicality in their production of a new te.xt 
lor medical students, practitioners and special- 
ists in dermatology. Although this Handbook 
is a small volume, it contains more useful, 
well presented, well documented and well 
illustrated material than many texts twice its 
si^e. It is, however, not a mere catalog of the 
views of various contributors to the subject 
but contains many original personal views, 
especially the technic in contact dermatitis 
of relieving the patient by elimination of all 
possible causes, then identifying the actual 
cause by systematic increment of the pa- 
tient’s chemical environment. Acne vulgaris 
and urticaria are also treated by the authors’ 
speci.il technics. The 1057 illustrations are 
well chosen; especiallv notable are those deal- 
ing with the normal adult and fetal skin. 
The text itself is well written and with ade- 
cpiate detail. Some sections are superbly 
liandled. It is presented in a logical order 
.ind until good correlation of the cutaneous 
manifestations with general medicine and 
biology. There are surprisingly few typo- 
graphical errors in this book. 

The difficult matter of references to the 
literature is handled in novel fashion by 
pl.icing references parenthetically as near the 


material cited as possible. This is somewhat 
disturbing to the average reader, but is more 
so to the e.xperienced worker, because as a 
space-saving device the authors have still 
further abbreviated the already abbreviated 
names of the medical journals referred to. 
The reviewer hopes that, if possible, some 
less distracting method will be considered for 
future editions. 

The Suttons have produced another credit- 
able aid to the understanding of dermatology. 
It deserves wide acceptance. 

H. B. 


Beood Transfusion. By Elmer L. DeGowin, 
M.D., Assoc. Prof, of Internal Medicine, 
Rorert C. Hardin, M.D., Ass’t Prof, of 
Internal Medicine, State Univ. of Iowa, and 
John B. Alsever, M.D., Senior Surgeon 
U. S. Pub. Health Service. Pp. 587; 200 
ills. Philadelphia: W. B. Saunders, 1949. 
Price, $9.00. 

Although good books dealing with the 
problems of blood transfusion are available, 
a new one of this calibre is welcome. Its 
authors have had extensive e.xperience in the 
field of transfusion therapy and have made, 
individually and as a group, original contri- 
butions of considerable importance. 'Their 
book is clearly and simply written. All im- 
portant problems which coruront the personnel 
of a transfusion service are discussed. The 
chapter on laboratory procedures is of un- 
usual value because of its simplicity, detail, 
and ingenious illustrations. This book is highly 
recommended to all who are interested in 
the transfusion of blood and blood derivatives, 
from technicians to experts. 

C. K. 


Surgery of the Eye. By Meyer Wiener, 
M.D., Emeritus Prof, of Clinical Ophthal- 
mology, Washington Univ. School of 
Medicine, 2d ed. Pp. 426; 425 ills. Nexv 
York: Grune & Stratton, 1949. Price, $12.00. 
This 2d edition has been badly needed. 
It possesses the advantages of being reason- 
ablv short and the material is presented in a 
lucid and concise manner. The illustrations 
are up to the standard set in the 1st edition. 

Those procedures that have been useful to 
the author are described xvith the variations 
in technique xvhich he employs. Some of the 
newer operations, such as the Burch implant 
and evisceration and goniotomy are included. 
Procedures still regarded as experimental in 
nature, such as the various types of e.X]^sed 
implant following enucleation, are omitted. 
The author describes his punch technique for 
keratoplasty which this rcxdewer believeg 
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might be dangerous, due to the danger of 
ins prolapse. 

H. S. 


Atlas of Peiupheral Nerve Injuiues. By 
William R. Lyons, Ph.D., Assoc. Prof, 
of Anatomy, Univ. of California Medical 
School, and Barnes Woodhall, M.D., 
Prof, of Neurosurgery, Duke Medical 
School. Pp. 339; 13.5 ills., 15 in color. 
Phila.; W. B. Saunders, 1949. Price, $16.00. 

Upon 135 large si/.e plates, 15 of them in 
color, this book furnishes complete documen- 
tary evidence of the pathological changes m 
proximal and distal stumps of severed nerves, 
of nerve lesions in continuity as found in 
resected parts of the injured nerve, of the 
consequence of various types of sutures 
which proved unsatisfactory and had to be 
removed, and of several kinds of grafts. Each 
chapter is preceded by a clear summary of 
the findings, beginning with the structure 
of the normal nerve. The microphotographs 
and the accompanying legends are excellent 
and show distinctly the various sheaths of the 
nerve and their cells in normal and patho- 
logical conditions. Instructive photographs of 
skin scars, Roentgen-ray pictures of frac- 
tures and bone deformities, examples of the 
gross appearance of nerves and their opera- 
tive repair and of the pathological specimen 
and the miscroscopic changes under low and 
high power, together with the comprehensive 
clinical and pathological description, give a 
s'lvid picture of the processes at different 
time intervals following nerve injuries. 

The book is indispensable for the neuro- 
surgeon and the neuropathologist, for the 
general pathologist who is concerned with 
nerve injuries in industry or war, and for 
most neurologists. It will remain a standard 
book for vears to come. 

F. L. 

NEW BOOKS 

At/flv of Neuropathology. By Williavi 
Blackwood, Ass’t Pathologist, Nat. Hosp., 
Queen’s Square, London, T. C. Dodds, 
Lecturer, Society of Radiographers, Scot- 
tish Branch, and J. C. Sommcrville, Univ. 
of Edinburgh. Pp. 199; 262 ills. Balt.: 
Williams & Wilkins, 1949. Price, $9.00. 

This small atlas should prove of considerable 
\nluc to tliose whose work brings tiieni into occas- 
sional contact witli neuropathology. It is brief and 
selects only the highliglits of each lesion presented, 
and for tliat reason might be of less value to the 
full-time neuropathologist. The range of subiects 
coveted is broad, but the salient features of each 
subject are clearly brought out, no space is wasted 
on ramifications which are not strictly svithin the 


field of neuropathology. The illustrations are well 
chosen and technically excellent. The reviewer 
rtconimends the book highly. A. R. 

Clinical Orthoptics. By Mary Everist 
Kramer. Edited by Ernest A. W. Shep- 
pard, M.D., Prof, of Ophthalmology, 
George Washington Univ. School of Medi- 
cine, and Louisa Wells-Krameh. Pp. 475, 
147 ills. St. Louis: C. V. Mosby, 1949. 

Price, $8.00. 

This is one of tlie first texts on orthoptics to 
come from this country, the previous standard 
texts having all been written m England. The work 
covers the various phases of knowledge which an 
orthoptic technician should acquire before jiresent- 
ing herself to {he American Board of Orthoptics 
for examination. The anatomy and physiology of the 
eye are given adequate consideration. The mam 
portion of the book deals with the treatment of the 
various lorms of strabismus by means of orthoptics. 

The book is highly recommended for all those 
who are interested in the subject of strabismus. 

F. A. 

Child Health. Edited by Alan Moncrieff, 
Nuffield Professor of Child Health, Uni- 
versity of London, and William A. R. 
Thomson, Pp. 254. London: Eyre and 
Spottiswoode, 1947. Price, 14s. 

This “Practitioner Handbook’’ is an expository 
presentation, with chapters contributed by man> 
authorities, descnbmg for general practitioners the 
new English system of the numerous organized 
child health services. There are chapters on Child 
Welfare Centers, School Health Services, Day 
Nurseries, Schools for Crippled Children, and so 
forth. There are also several chapters on nutrition, 
feeding, and prevention of certain diseases. The Am- 
erican pediatrician will find much information 
of usefulness in these pages, despite the fact that 
tlie text IS slanted to the problems of another 
country. I. W. 

Facts About Nursing, 1948. By American 
Nurses’ Association. Pp. 106. New York. 
A. N. A., 1790 Broadway, 1949. Price, 35c. 

“The first autlioritative survey since the war 
among U. S. nurses.’’ 

Diabetic Menus, Meals and 'Recipes. By 
Betty M. West. Introduction by Russel 
F. Rypins, M.D. Pp. 254. New York: 
Doubleday, 1949. Price, $2.95. 

The Psychoanalytic Reader. Edited by Rob- 
ert Fliess, M. D. Vol. 1. Pp. 392. New 
York: International Universities Press, 

1949. Price, $7.50. 

“The contributions united here have betii 
gathered by scanning the complete literature of 
the field, from the oldest Viennese Jahrbach /in 
Psychoanaltjsc, founded in 1909, to the British and 
American psychoanalytic periodicals of today . . . 
What appears most profitable of this hterature will 
be published in the Reader’s several volumes, of 
which the present one is tlie first ...” 

Social Medicine, Its Derivations and Ob- 
jectives. Edited by Iago Galdston, M. D. 
Tlie New York Academy of Medicine 
Institute on Social Medicine. Pp. 294. New 
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York. Commonwealth Fund, 1949. Price, 
$2.75. 

In this itucly of the origins and aims of Social 
Medicine, the contributions of the 26 well known 
participants are arranged m 7 groups. The first 2, 
of a more general nature, are on the relation of 
medicine to society and the relation of social 
medicine to jilinical and preventive medicine. The 
other 5 treat special aspects such as the place in 
social medicine of epidemiology, nutrition, psy- 
chiatry This IS a worthy and valuable statement of 
current thought on a highly important subject that 
has not hitherto received sufficient attention by the 
medical profession in this country. E K. * 

Medical Clinics of North America. Chicago 
Numbei. Diseases of the Skin. Pp. 292, 135 
ills. Phila.; \V. B. Saunders, January, 1949 
Price, $15.00 a year. 

Tjie wide coverage of this well organized and 
composed symposium is indicated by a list of the 
subjects discussed, which include, neurodcrmatitis, 
dcrmatom>ositis, sarcoidosis, scleroderma, dissemi- 
nated lupus erythematosus, changes in the nail from 
tlic u«e of “base coats,” tumors of tlie skm, exfoli- 
ative dermatitis, herpes, pemphigus, cutaneous 
allergy, eruptions due to food, cutaneous tuber- 
culosis of the Negro, dermatological therapy and 
dermalopathology. H. B. 

Cancer of the Esophagus and Gastric Cardia 
Edited by George T. Pack, M.D , Clinical 
Prof, of Surgery, New York Medical Col- 
lege. Pp. 192; 65 iUs. St. Louis: C. V. 
Mosby, 1949. Price, $5.00. 

The 11 papers of this specially bound volume 
of the Juno 19*18 issue of ‘‘Surgery” are written 
by mtn outstanding in the recent developments m 
this field The book affords an excellent summar> 
of American surgical practice m relation to this 
disCtise. J, J. 

Collateral Circulation ( Anatomical Aspects). 
By Daniel P. Quiring, Ph.D,, Assoc. 
Prof, of Biology, Western Reserve Univ. Pp. 
142: 61 ills, 46 in color. Plnla.: Lea & 
Febigcr, 1949. Price, $5.00. 

This compact presentation, by description and 
<lM« 4 r.ini, of the major cross connections and side 
cii uuicls of arteries and xeins has obvious values 
fo'' tlie internist and surgeon .is utl! .as the anato- 
mist and phjsiologist. Fi\c of the 8 chapters deal 
\v ilh the collateral circulation of a gix en body region, 
invoKmg such imporl.int probltms .v* results of 
iH.cluMon of cercbr.al, .acoustic, coronarj arteries, 
ind oliitrs, and witli the bentfits that may be 
broiuht by colHtcral circulations. Vtnous collateral 
cirtul.ition svith a different stt of problems is con- 
sulted m each section, the book closing ssith a 
snggtstisc illustration of Beck's expirimcntal 
rt s.istu! inzalion of the dog*s hc.art. 

rius correlation by an .inatomist of gross slnic- 
lure with clinical problems should find welcome 
space on mans shelves. E K. 

NEW EDITIO.VS 

Surgical Technique and Principles of Gper- 
atitc Surgery. By A. V. P^nriiuLO, M.D., 
F..\.C.S., Assik;. Clinical Prof, of Surgery, 


Loyola Univ. 4th ed. Pp. 676, 997 ilk. 
Phila.: Lea & Febiger, 1949. Price, $15.00. 

This 4th edition is the 1st to be published by 
Lea Sc Febiger. The book is well illustrated and 
well printed A consistent editorial plan has not 
been followed in regard to references and ques- 
tionnaires: certain chapters have good bibliogra- 
phies following them, some have none, certain 
chapters are followed by rather elementary ques- 
tionnaires, some are not. The reason for this lack 
of uniform policy is not clear. 

While the Reviewer does not agree with a 
number of procedures advocated by the authors 
and thinks that if physiologic considerations are 
discussed at all they should be given greater 
attention, he would recommend this book to the 
>oung surgeon for a review of operative pro- 
cedure f R- 

The Mentally III in America. By Albert 
Deutsch. 2d ed. Pp. 555; 8 ills. New York: 
Columbia Univ. Press, 1949. Price, $5.50. 

The 2d edition of this worth while book in- 
cludes additions and revisions, such as a new 
chapter entitled “Psvchiatry m World War II” and 
a completely revised chapter on modem trends in 
institutional care and treatment. The book is directed 
toward the general reader as well as the physician. 

W. P. 

Child Psi/chiatrij. By Leo Kanner, M.D., 
Assoc. Prof, of Psychiatry and Pediatrics, 
Johns Hopkins Univ. 2d ed Pp. 7.52. 
Springfield, 111.: Charles C Thomas. 1949. 
Price, $8.50. 

This new edition of n comprehensive and valuable 
test published 13 years after the appearance of the 
1st edition w U be wtkomed h> pediatricians, 
psychiatrists, and others. Extensive revisions and 
additions have been made tliat give greater clarity 
.md depth to the work W. P. 

Human Embryology and Morphology By Sin 
ARTHun Keith. 6th cd. Pp 690; 578 ills. 
Balt.: Williams & Wilkins, 1948. Price, 
$10 00 

This new edition presents numerous improve- 
ments. Chapters on the development of the uro- 
genital system and limb evolution have been added 
There arc numerous new illustrations Recent 
Lictual malcn.al and references are included Tlie 
chapter on experimental embryology seems inade- 
quate, considering how profitable has been this 
fiild of mxcstigatmn. The occasional use of strained 
.analogies often confuse the understanding of the 
ficts presenltd. This edition is an excellent reference 
text for morphological changes occurring during 
tmbryogcncsis I Z 

.Manual of Clinical Laboratory Methods. By 
Opal E. IIepleb, Ph.D., M. D., Assoc. 
Prof, of Pathology, Northwestern Univ. 
Medical School. 4th ed. Pp. 387; 36 figs., 

8 color plates. Springfield 111.; Charles 
C Thomas, 1949. Price, $8.50. 

The Business Side of Medical Practice. By 
Theodore Wiprud. 2d ed. Pp. 232; 22 
figs. Phila.; W. B. Saunders, 1949. Price, 
$3.50. 
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The complications observed follow- 
ing the intrathecal administration of 
penicillin^'^^-^^'-'’ justify a re-evalua- 
tion of the possibility of attaining 
therapeutically significant penicillin 
concentrations in the cerebrospinal 
fluid following parenteral administra- 
tion. It is generally stated that the 
blood-brain barrier hinders the free 
exchange of penicillin between the 
plasma and die cerebrospinal fluid 
but the support for this statement 
comes from investigations carried out 
Nvitli smaller doses of penicillin than 
are currently in wide use. It has been 
suggested that larger doses of peni- 
cillin might cause diffusion into the 
cerebrospinal fluid hut few data are 
available to substantiate this suppo- 
sition. 

Measurable quantities of penicillin 
have been observed in the cerebro- 
spinal fluid following its parenteral 
administration. Ten to 23 million units 
given by continuous intra\enous in- 
fusioiB® and 100,000 units intra- 

( 593 ) 


muscularly every 3 hours- have given 
rise to comparable penicillin concen- 
trations in the cerebrospinal fluid of 
those patients in whom diffusion of 
the antibiotic from plasma to sub- 
arachnoid space occurred. Neither of 
tliese investigations have answered 
the question of how soon after the 
initial administration of penicillin the 
drug is demonstrable in the cere- 
brospinal fluid. In this paper we 
present data indicating that penicillin 
can be found in the cerebrospinal 
fluid 2 and 3 hours after a single 
intravenous injection of penicillin. 

Patients studied. Twenty-one pa- 
tients suffering from central nervous 
system syphilis (paresis) were 
studied. These patients were not 
selected in any way and apart from 
their neurological disease were in 
good or fair general healtli. 

Method of Study. Because a review of the 
literature indicated the likelihood of failure 
to obtain assayable quantities of penicillin in 
the cerebrospinal fluid of normal patients un- 
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less a blood concentration of 10 to 30 units 
per cc. of plasma was attained for some length 
of time, commonly used doses of peniciSin 
(20,000 to 50,000 units every 3 hours) were 


not employed in this study. A single intra- 
muscular dose of 500,000 units of penicillin 
will give plasma concentrations above 12 
units per cc. for at least 30 minutes^^ and 


TABLE I.-PENICILLIN CONCENTRATIONS IN PLASMA AND CEREBROSPINAL 
FLUID AFTER INTRAVENOUS INJECTION OF 500,000 UNITS WITH AND 
WITHOUT 3 GM. CARONAMIDE INTRAVENOUSLY. 


PATIENT CABONAMIDE PENICILLIN CONCENTBATIONS* 




BLOOD 



CSF 


5 min. 

2 hrs. 

3 hrs. 

2 hrs. 

3 hrs. 


(after penicilJ 

in) 

(after 

penicillin) 

GROUP I 






LB 

70.90 

1.08 

.416 

.023 

.045 

NT 

70.90 

4.32 

2.160 

0 

.023 

JM 

X 

2.88 

.496 

.023 

.045 

AVER. PENICILLIN 

70.90 

2.78 

1.024 

.015 

.037 

GROUP II 






JM 

23.81 

.992 

.124 

.031 

.021 

+ 

95.23 

1.98 

.496 

.062 

.062 

BR 

67.58 



.031 

.031 

+ 

184.32 



.015 

.045 

JS 

70.92 

1.08 

.416 


.045 

+ 

X 

5.76 

2.16 


.045 

AI 

70.92 

1.41 


.045 

.023 

+ 

95.23 

2.98 

.992 

.026 

.093 


S6.0g 

.720 

.416 

0 

.023 

+ 

47.62 

1.98 

1. 15 

.016 

.031 

IJ 

34.56 

X 

1.08 

.023 

.015 

+ 

63.49 

2.11 

.992 

.031 

.031 

\\v 

63.49 

1.49 

.744 

.045 

.023 


63.49 

7.9t 

2.97 

.062 

.095 

SF 

■■■iiiiiiiiiiEniiii 



.023 

0 

-f 




.015 

.023 

BC 

63.49 

.992 

.218 

.045 

.045 


63. 19 

5.95 

.999 

.062 


RI'cL 

31.74 

.496 

.186 

0 

■■■RnSl 


137.52 

2.16 

1.08 

.045 

.023 

JO 

46.08 

.714 

MIH 

0 

0 

+ 

137.52 

1.32 


.023 

.023 

RM 

31.71 

.992 

.248 

.023 

0 


137.52 

8.61 

2.88 

.045 

.045 

UZ 

63. 19 

1.98 

1.08 

mum 


+■ 

137.52 

11.52 

5.76 

KESi 




1. 19 

.496 

.090 

.045 

+■ 


5.74 

2.50 

.135 

.135 

GG 

63.40 

1.98 

. 196 

HRpn 

.023 

+ 

69.12 

5.74 

2.50 

mimm 

.045 

A\ER. PFAICILLIN 

49.37 

1.10 

.430 

■BBM 

.026 

AtER. PENICILLIN 

"OVRONAMIDE 95. H 

5.22 

2.08 


.056 

GROL'P III 






EG * 

137.52 

2.88 

1.08 

.023 

.023 

v* 

17.62 

1.98 

.741 

.031 

.031 

AC + 

92.16 

2.88 

1. 11 

.045 

.023 

AVER. PENICILLIN 

»CABO.\AMIDE 92.43 

2.58 

1.088 

.033 

.025 

• Ptntcillm pro\tn by inhibition wiUi 

pcnicillmosc; 

penicil!m measured 

m units 

per cc. 
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the same dose introduced intravenously will 
give peak concentrations of between 30 and 
70 units per cc. and above 10 units per cc. 
lor 30 minutes. The intravenous route of 
administration was employed in order to 
obtain the advantage of a brief but high 
penicillin plasma concentration immediately 
after administration that might favor diffusion 
across the blood-brain barrier. Penicillin in 
aqueous solution (500,000 units) was given 
intravenously (injection time being 7 to 15 
seconds) and tlrereafter blood specimens were 
obtained at 5 minutes, 2 hours and 3 hours. 
In addition, 2 and 3 hours after therapy with 
penicillin, lumbar puncture was performed 
with a 21 gauge needle and the cerebrospinal 
fluid specimens obtained for penicillin assay. 
Blood and cerebrospinal fluid specimens were 
assayed for penicillin by a modified Rammel- 
kamp serial dilution method employing a 
Group A hemolytic streptococcus as the test 
organism. Three patients (Table 1, Group I) 
were studied in the above manner following 
the administration of 500,000 units of peni- 
cillin alone and 3 patients (Table 1, Group 
III) received the same dose of penicillin and 
3 gm. of caronamide intravenously in aqueous 
solution. An additional 15 patients (Table I, 
Group II ) were investigated twice, once 
after the intravenous administration of 
500,000 units of penicillin alone and again 
after the intravenous administration of 500,000 
units of penicillin together with 3 gm. of 
caronamide. The same schedule of sampling 
of the blood and cerebrospinal fluid was 
followed in tlie two periods of study. Each 
patient was his own control and intervals of 
7 to 27 days intervened between the two 
periods of study. 

Results. The results gbtained in 
tills study are presented in Table 1. 
The administration of 500,000 units of 
penicillin in aqueous solution result- 
ed in demonstrable concentrations of 
penicillin in the cerebrospinal fluid at 

2 hours in 14 of IS individuals, and 
at 3 hours in 15 of 18 persons ( Groups 
I and II). When tire same dose of 
penicillin was administered with 3 
gm. of caronamide, penicillin appeared 
in the cerebrospinal fluid at 2 and 

3 hours in all of the 18 patients 
(Groups II and III). The plasma con- 
centrations resulting from the admin- 
istration of penicillin were enhanced 
by caronamide from 2 to 5 times, and 
the cerebrospinal fluid concentrations 


were doubled. The caronamide con- 
centrations observed in the plasma 
after the intravenous administration 
of 3 gm. of the drug were adequate 
to inhibit penicillin excretion by the 
renal tubules.^ 

The results obtained in the group 
of 15 patients (Group II) studied as 
their own controls in both phases of 
the investigation were statistically 
analyzed and it was found that the 
difference in plasma and cerebro- 
spinal fluid penicillin concentrations 
as a result of the administration of 
caronamide were highly significant 
(p=0, 02-0.05). The difference observed 
between the 2 and 3 hour determina- 
tions of penicillin in the cerebro- 
spinal fluid were not significant either 
when penicillin alone or penicillin in 
conjunction with caronamide were 
administered. 

Discussion. The complications that 
have been reported as due to intra- 
thecal injection of penicillin may 
indeed have been due to the drug, 
but it seems reasonable to concede 
the possibility that some of the com- 
plications have been due to the 
disease treated. Furthermore, the use 
of penicillin less refined than that 
currently available and the use of un- 
necessarily large doses may have 
accounted for some of the results 
attributed to intrathecal injection of 
the antibiotic. Nevertheless, if it 
could be established that penicillin 
can, witlr regularity, be demonstrated 
in the cerebrospinal fluid following 
parenteral administration, intrathecal 
administration might be limited to a 
relatively few patients presenting 
definite indications for this route of 
injection. 

Any particular concentration of peni- 
cillin has little meaning from a thera- 
peutic standpoint unless it is interpret- 
ed in terms of both the sensitivity of 
tire organism producing the infection 
under treatment and the defense 
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mechanisms of the host in whom the 
infection is being treated. Wide 
recognition has been given, however, 
to a penicillin concentration of 0.03 
unit per cc. as being “therapeutically 
significant” because this amount of the 
antibiotic “is adequate to sterilize 
actively growing cultures of almost all 
strains of gonococcus. Group A hemo- 
lytic streptococcus, pneumococcus and 
most strains of alpha hemolytic strepto- 
coccus, about half of the strains of 
meningococcus, and a somewhat small- 
er proportion of strains of pathogenic 
staphylococci”.^^ 

Penicillin concentrations of this 
magnitude have been observed in the 
cerebrospinal fluid of persons suffer- 
ing from central nervous system syphi- 
lis following the administration by con- 
tinuous intravenous drip of 10 to 25 
million units during a 24 hour period, 
but only when doses of 20 to 25 mil- 
lion units were so administered were 
these amounts of penicillin demonstrat- 
ed in all patients. Comparable peni- 
cillin concentrations in the cerebro- 
spinal fluid were observed in similar 
patients following the administration of 
100,000 units intramuscularly at inter- 
vals of 3 hours,- but in only 18 of 23 
patients when penicillin alone was 
given and only 20 of 25 patients when 
penicillin was given in conjunction 
with caronamide. Apart from these re- 
ports the consensus is that either no 
penicillin or only a small amount in an 
occasional patient''®-^®-^--^® crosses the 
hematoencephalic barrier of a normal 
person. There is precedent in the 
medical literature for regarding pare- 
tics as having “normal” barriers be- 
tween the plasma and cerebrospinal 
fluid,*^’^® and there is good evidence 
to believe that the inflamed tissues 
interposed between plasma and cere- 
brospinal fluid offer less impediment 
to the passage of penicillin than those 
not so involved.®'^-^' 

In view of the greater permeability 


of an inflamed hematoencephalic bar- 
rier^ ^ there is every reason to believe 
that an amount of penicillin in the 
plasma that will cause diffusion of 
measurable quantities of drug into the 
cerebrospinal fluid of normal patients 
(paretics) will cause diffusion of 
even greater amounts in patients wth 
meningitis. It should be emphasized, 
however, that before the residts of an 
investigational study are apphed to 
therapy, the schedule of penicillin 
therapy employed should offer reason- 
able assurance that the diffusion of 
significant quantities of penicillin into 
the cerebrospinal fluid will occur in 
all normal individuals. The demonstra- 
tion of assayable quantities of peni- 
cillin in the cerebrospinal fluid of even 
a few patients following parenteral 
penicillin is of academic interest but 
unless it can be shown that significant 
amounts of penicillin can be observed 
in’ 100% of patients so treated, it 
would be hazardous to rely entirely 
upon parenterally administered peni- 
cillm for the treatment of meningitis. 

One hundred thousand units intra- 
muscularly every 3 hours, either alone 
or given in conjunction with carona- 
mide,- failed to fulfill this criterion, 
and so also have 10 and 15 million 
units administered by continuous in- 
travenous drip for 24 hours. Since 
these 2 schedules of penicillin dosage 
resulted in plasma penicillin concen- 
trations of at least 10 units per cc. for 
variable periods of time in die case of 
the intramuscularly administered peni- 
cillin, and radier constantly in the case 
of the infused penicillin, it may be 
judged that these plasma concentra- 
tions of penicillin cause diffusion into 
the cerebrospinal fluid in some, but 
not all, patients. Therefore, an intra- 
venous dose of penicillin was chosen 
for this study that would result in 
fleeting concentrations of from 30 to 
70 units (average 49.64) units per cc. 
above 10 units for appro.ximately 30 
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minutes^^ and above 1 unit for 2 hours. 
Attention is directed to the plasma con- 
centrations existing at specific time 
intervals after the injection of the single 
dose of penicillin employed in this 
study because it is probable that tliere 
is a considerable lag between the time 
that penicillin first diffuses into the 
cerebrospinal fluid and tlie time tliat 
it is detected in die lumbar cerebro- 
spinal fluid. Any delay in tlie appear- 
ance of penicillin in the lumbar cere- 
brospinal fluid is of importance in the 
treatment of meningitis. The appear- 
ance of penicillin in tlie cerebrospinal 
fluid within 2 hours after the initiation 
of therapy would be highly desirable 
and, if demonstrated, could be con- 
sidered “prompt treatment” at the site 
of infection. 

An interval of 2 hours after peni- 
cillin injection was arbitrarily chosen 
for sampling of the cerebrospinal fluid. 
Patients NT, MW and RMcL (Table 1) 
failed to show penicillin in the spinal 
fluid at 2 hours, but it was detected 
at 3 hours. Patient JC had no measur- 
able penicillin in the spinal fluid at 
either 2 or 3 hours. Thus, 3 of tlie 4 
patients who failed to show penicillin 
in the cerebrospinal fluid at the end 
of 2 hours did show it at 3 hours, 
the fourth case showing penicillin at 
neither of these times. In only 2 cases 
was the reverse true (SF, RAI), peni- 
cillin being demonstrated at 2 hours 
and not at 3 hours. It seems probable, 
therefore, tliat tlie interval of 2 hours 
approximates rather closely the time 
required for the appearance of peni- 
cillin in the lumbar cerebrospinal fluid 
after the intravenous administration of 
500,000 units of penicillin. More ex- 
tensive sampling of the cerebrospinal 
fluid to determine tlie disappearance 
time of penicillin from the subarach- 
noid space was not done. 

When the same dose of penicillin 
(500,000 units) was administered in- 
ti-a\’enously in conjunction with 3 gm. 


of caronamide, the resulting penicillin 
plasma concentrations were enhanced 
so that transitory penicillin concentra- 
tions of from 60 to 104 units per cc. 
(average 95 units per cc.), above 5 
units per cc. for 2 hours and above 2 
units per cc. for 3 hours were reached 
in the average patient. These elevated 
concentrations of penicillin in the 
plasma resulted in doubling the 
amounts of penicillin demonstrated in 
the cerebrospinal fluid, and it can be 
observed that, in die 18 patients to 
whom the combination of drugs was 
administered, all showed penicillin in 
the spinal fluid at 2 and 3 hours. In 
an additional group of 25 patients peni- 
cillin appeared in the lumbar spinal 
fluid within 1 hour in every patient to 
whom 500,000 tmits of penicillin and 
3 gm. of caronamide were given intra- 
venously. Statistical analysis shows 
that the likelihood of the added eleva- 
tions of penicillin in the spinal fluid 
following the combined use of peni- 
cillin and caronamide being due to 
chance alone is between 1 to 100 and 
1 to 1000. 

Clearly tlie elevation of penicillin 
concentrations in the plasma by the 
use of caronamide increased diffusion 
of penicillin into the cerebrospinal 
fluid, but it should be emphasized 
that the same results could be obtained 
witliout tlie aid of caronamide if 
sufficient penicillin was employed to 
give the same magnitude of penicillin 
plasma concentrations. Caronamide 
increased the penicillin plasma concen- 
ti'ations resulting from 500,000 units of 
penicillin from 2- to 5 times, these 
results conforming to tliose previously 
reported.^-*^ The intravenous adminis- 
tration of 3 gm. of caronamide was 
accompanied by no manifestations of 
toxicity, but about half the patients 
experienced a transitory generalized 
sensation voluntarily described as 
“itching”. The rapidit)^ of injection of 
a 15% solution of caronamide is the 
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most obvious explanation of this obser- as high as 2 to 8 units per cc. have 
vation. been observed within 2 hours after 

The amounts of penicillin observed the first injection of penicillin.'* 
in the cerebrospinal fluid were thera- Conclusions. In a series of 21 pa- 
peutically significant, but perhaps tients who had uninflamed meninges, 
minimal from tlie standpoint of re- it has been shown that penicillin dif- 
lying upon them for the treatment of fuses into the cerebrospinal fluid 
a purulent meningitis amenable to within 2 hours after a single intra- 
penicillin therapy. However, it should venous injection of 500,000 units of 
be stated that many systemic infections penicillin. Three patients failing to 
are treated without either attaining or show diffusion of the antibiotic into 
maintaining in the plasma penicillin the cerebrospinal fluid after the intra- 
concentrations as high as those here venous administration of 500,000 units, 
observed in the cerebrospinal fluid, showed measurable quantities of peni- 
Since tliese levels were attained in the cillin in the cerebrospinal fluid when 
cerebrospinal fluid of normal individu- caronamide was administered intra- 
als in whom the barrier between the venously in conjunction with the same 
blood and cerebrospinal fluid was less dose of penicilhn. The observation that 
permeable than is the case in patients therapeutically significant levels of 
suffering from meningitis, much higher penicillin were attained in the cerebro- 
concentrations of penicillin might be spinal fluid in all of the patients here 
anticipated in patients having inflam- studied suggests that the parenteral 
mation of the meninges. This has and particularly intravenous adminis- 
proven to be the case in meningitis tration of penicillin has a place in the 
patients already studied and to whom therapy of purulent meningitis and 
500,000 units of penicillin have been that intrathecal injection of penicillin 
given intravenously. Penicillin con- is unnecessary in the majority of pa- 
centrations in the cerebrospinal fluid tients. 

The autliors are indebted to the cliiefs of the Neurological Services of the Philadelphia 
General Hospital for permission to study patients on their services, to Miss June Heckman for 
penicillin assays reported in this study, and to Mr. J. L. Ciminera for statistical analysis of data. 
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Empiric methods are generally used 
as a guide for determining penicillin 
therapy. These range from arbitrary 
dosage schedules for certain infections 
to correlation of in vitro sensitivity of 
the etiologic organism with blood lev- 
els obtained during therapy as deter- 
mined by assay widi an unrelated spe- 
cies or strain of organism. These meth- 
ods usually give therapeutically satis- 
factory results with highly sensitive or- 
ganisms, but are often unsatisfactory 
when relatively resistant strains of bac- 
teria are encountered. 

To meet this deficiency, the technic 
of assaying tire bacteriostatic activity 
of a patient’s serum level during peni- 
cillin therapy witli the isolated etio- 
logic organism was introduced. This 
technic was initially developed in the 
course of studies of subacute bacterial 
endocarditis due to resistant strains of 
alpha hemolytic streptococci.^ Tlie suc- 
cess obtained in our hands has led to 
our use of tliis technic as a guide to 
effective therapy in septicemias sec- 
ondary to a variety of acute and chron- 
ic suppurative conditions with satis- 
factor)' results. Its simplicity should 
make it practical for the small bacte- 
riological laborator)% since for thera- 
peutic purposes the standard assay 


may be omitted. This report deals witli 
the work done in establishing the va- 
lidity of this technic. 

Methods. Recently isolated organisms are 
subcultnred to 2 or 3 suitable agar slants at 
the time the original sensitivities are deter- 
mined, and stored at 4°C. for the duration of 
therapy for reference. Following determina- 
tion of the sensitivity of the isolated strain, 
a dosage schedule is inaugurated to attain 
a minimum blood level of at least 4 times 
the indicated sensitivity. Calculations are 
based on the average levels found at stated 
intervals for standard dosages and methods 
of administration of the various penicillin 
preparations currently available.®" Usually 24 
hours are allowed to elapse for stabilization 
of initial irregularities in absorption and e.\- 
cretion rate. When the intermittent method 
of administration is employed, adequate 
blood samples are aseptically drawn at the 
low point of the blood concentration curve, 
i. e., about 5 minutes before the next injec- 
tion time. 

The direct penicillin assay test is carried 
out as follows: Serial 2-fold dilutions of tlie 
patient’s serum in broth are made in 8 sterile 
tubes ranging from undiluted to 1:128. A 
ninth tube, containing broth diluent only, 
serves as a control. The organism, isolated 
from the patient, preHously grown in suit- 
able broth for 6 to 18 hours at 37°C., or 
until die turbidity of the culture is equiva- 
lent to a concentration of approximately 600 
million bacteria per cc., is used. We have 
found that total quantities of 1 cc. per tube 
with an inoculum of 0.05 cc. of approximate- 
ly 1:1000 dilution of the isolated organism 


® Tl.cic tlcparljutnu .irc »tii)ported m part by the Michael Reoe Research Foundation. 

In j:cnt.ral, to maintain a lL\el of 1 Oxford unit per ml. of scrum, 1 million units by contmuous drip (IV) 
or 1.3 to 2 million units by intennittint mtr.imuscular injection arc required. Caronamide and p-amino hippuric 
acid iia\e butii bt.t.n su(.ce>>fully used to obtain elevated senini concentrations. 
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are convenient for pipetting and reading. 
After incubation at 37 “C, for 18 hours, tlie 
highest dilution completely inhibiting growth 
is recorded. When micro-aerophilic or obli- 
gate anerobic bacteria are encountered, the 
tubes are incubated under anerobic condi- 
tions. The dosage is then adjusted in accord- 
ance with results obtained in the direct test. 
A re-check should be made 24 hours after 
any change in the therapeutic regimen. 

Interpretation of Test. Complete 
inhibition of growth in the first tube 
(undiluted serum) and slight growth 
in the second (1:2 dilution) is inter- 
pi'eted as the minimum satisfactory 
dosage which will be effective for the 
patient concerned and the specific or- 
ganism involved. This concentration 
of penicillin has proven to be thera- 
peutically satisfactoiy in our hands 
when maintained for considerable pe- 
riods of time. 

Since the bactericidal rate has fre- 
quently been found to be greatly ac- 
celerated at penicillin concentrations 
slightly higher than that resulting in 
complete bacteriostasis, we feel that 
a penicillin serum level producing com- 
plete inhibition in the first 2 tubes rep- 
resents the optimal dosage to be main- 
tained for the duration of either bac- 
teriological or clinical evidence of 
active infection. 

Inhibition at higher dilutions indi- 
cates that penicillin in excess of the 
optimal requirement is being adminis- 
tered, and the intervals or the number 
of units per injection may be regulated 
accordingly. We feel that any evidence 
of growth in tlie first tube indicates 
that the level is inadequate and should 
be at least doubled immediately de- 
spite previously ascertained sensitivity. 

As evidenced by the Tables ap- 
pended, this type of planned therapy, 
insuring serum levels sufficiently liigh 
to be completely bacteriostatic for tlie 
patients owm organism, has proved 
eminently satisfactory in the manage- 
ment of subacute bacterial endocar- 
ditis as well as in the control of vari- 


ous other infections. In fact, not a sin- 
gle case of streptococcic endocarditis 
has failed to respond with complete 
clinical cure which we have treated 
in tliis manner during the past two 
years. 

Table 1 presents the results of con- 
trolled tlierapy in 10 unselected cases 
of subacute bacterial endocarditis due 
to the Streptococcus viridans group 
treated at Michael Reese Hospital dur- 
ing the past 28 months. Clinical and 
bacteriological evidence of complete 
arrest were obtained in all but one of 
the early cases (Case 2) which was 
treated with inadequate amounts of 
penicillin. All patients were followed 
after discharge by periodic blood cul- 
tures for at least a year, and all have 
remained entirely symptom free to 
date. Thirty-four tests were performed 
in these 10 cases to establish the va- 
lidity of these criteria of efliective ther- 
apy. The amount of penicillin required 
for blood serum bacteriostasis varied 
from 1 to 32 times the brotli concen- 
tration necessary as determined by di- 
rect assay. Some variation in the ratio 
in successive tests on the same patient 
was observed. Our impression is that 
these findings are more apparent than 
real because they may well be ex- 
plained on the basis of the sources of 
error inherent in the serial dilution 
method of assay. Each reading actually 
represents a range, rather tlian an ex- 
act number, of units of penicillin. 
Case 5, which was followed over a 
longer period, however, shows a con- 
sistent slow drop in the ratio which 
suggests that a rising antibody titer 
may have had an enhancing effect 

Difficulty in obtaining adequate 
amounts of penicilhn is largely respon- 
sible for fluctuations in levels of earlier 
cases. Not aU dosage schedules were 
reduced to the minimum effective lev- 
el, altliough uniform success witli 
those which were decreased would in- 
dicate tliat others had been maintained 
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Hesult of The ropy 

Duration 

Clinical cure 

2 yrs 8 mos 

Blood stream 
periodically 
cleared 

Died 

Clinical cure 

1 yr 11 /nos 

Clinical cure 

1 yr 10 mos 

Clinical cure 

1 yr 8 mos 

Clinical cure 

1 yr 6 mos 

Clinical cure 

1 yr 2 mos 

Clinical cure 

10 mos 

Clinical cure 

2 mos 

Clinical cure 

I mo 

Ratio of Fffcctive 
level of 
Sensitivity 


2 5 1 

1 1 

2 5 1 

1 1 

2 5 1 

2 1 

2 5 1 
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at unnecessarily high concentrations. 
At these higher levels, complete inhibi- 
tion of the organism was obtained in all 
dilutions within the effective range. Per- 
tinent comments on cases of special in- 
terest follow; the remainder made un- 
eventful recoveries on dosage sched- 
ules shown to be effective by the di- 
rect test. Blood cultures taken during 
therapy were uniformly negative with 
added Clarase, except where indicated 
by Roman numerals for later isola- 
tions. 

Case 1 (Table 1). R. B. This 17-year-old 
boy had been treated elsewhere on several 
occasions with the usual empiric type of 
therapy, each time followed by clinical re- 
lapse with isolation of an alpha hemolytic 
streptococcus from the blood stream. Since 
levels of 10 O.xford units per ml. proved in- 
effective when tested against bis own organ- 
ism and positive blood cultures were obtained 
during therapy, the dose was markedly in-, 
creased. A concentration of 20 O.xford units 
was found by direct test to be necessary for 
complete bacteriostasis. Maintenance of levels 
above this critical point for protracted peri- 
ods of time resulted in complete arrest of the 
infection despite a concurrent attack of ap- 
pendicitis requiring surgery. Three weeks 
after discharge a level of 5 Oxford units per 
ml., obtained during prophylactic therapy for 
oral surgery, was tested against the initially 
isolated strain of streptococcus with the pre- 
dicted result. This case has been fully report- 
ed elsewhere^. 

Case 2 (Table 1). H. R. The alpha hem- 
olytic streptococcus strain isolated from blood 
cultures on this 75 year old male developed 
in vivo resistance to penicillin, probably be- 
cause treatment, extending over several 
months, was periodically interrupted, and at 
times seriously reduced due to lack of peni- 
cillin supply. During periods of effective 
therapy, as established by direct test, repeat- 
ed blood cultures were sterile. When therapy 
was inadequate or interrupted, blood cul- 
tures became positive again' All strains thus 
isolated were identical culturally and bio- 
chemically, except for the gradual increase 
in penicillin resistance. The patient died as a 
result of renal and pulmonary complic.itions 
follovring a two-stage prostatectomy. Permis- 
sion for autopsy was not obtained. 

C.vsE 3 (Table 1). R. C. The concentra- 
tion of jreuicilUu in the blood stream was 
temporarily incrc;ised pending identification 
of bacterial growth in a single routine blood 


culture flask. Staphylococcus albus was Iso- 
lated which was judged to be a contami- 
nant. Dosage was reduced to the former level, 
and recovery was uneventful. 

Case 4 (Table 1). I. K. The direct test 
showed that an unusually high ratio of ef- 
fective serum level to penicillin sensitivity of 
the isolated strain (32:1) was necessary for 
complete bacteriostasis. The penicillin sen- 
sitivity of this organism was well within the 
i^ual range for this species. Corroborative 
evidence was obtained from the results of a 
blood culture drawn simultaneously xvith 
blood taken for level, 24 hours after initia- 
tion of therapy. Flasks with added Clarase 
were positive, but those without remained 
negative. All subsequent cultures were nega- 
tive and recovery was uneventful. 

Case 5 (Table 1). J. N. The first course 
of penicillin given was too short in duration, 
and blood cultures were positive within a 
week following cessation of therapy. The 
fact that the blood level was adequate, as 
detemrined by the direct test, was verified 
by the satisfactory response to a second full 
course of therapy (5 wks.) with mainte- 
nance of a somewhat lower serum level. Blood 
cultures were consistently negative for 1 year 
following discharge as clinically cured. 

Several cases of septicemia due to 
hematogenous spread of organisms 
from foci of acute and chronic infec- 
tion are presented in Table 2. Staphylo- 
coccus aureus infections were mainly 
selected for further investigation of the 
efficacy of this type of controlled ther- 
apy because of die relatively high ini- 
tial sensitivity to penicillin of many 
strains of this species and the tendency 
for occasional strains to increase pro- 
gressively in resistance when inade- 
quately treated. In one case (H.W.) 
a highly resistant alpha hemolytic 
streptococcus was completely con- 
trolled by tliis method. 

Case 1 (Table 2). H. W. Septicemia 
was probably secondary to chronic foci of in- 
fection in the lungs. Blood cultures were 
negative during the period of adequate thera- 
py as determined by direct test, but became 
positive when the penicillin concentration 
was allowed to drop too soon. Re-establishment 
of the effective level for a longer period per- 
inanentlv sterilized the blood stream. Death 
occurred from bronchogenic carcinoma with 
metastasis, without recurrence of the septi- 
cemia. At autopsy no evidence of vascular in- 
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fection could be found, so presumably the in- 
tensive therapy had been effective. 

Cases 2 and 3 (Table 2). Of notable in- 
terest is the marked difference in ratio of 
effective serum penicillin concentration dur- 
ing therapy to the sensitivity of the strains of 
Staphylococcus aureus isolated from blood 
cultures of these two otherwise essentially 
similar cases (1.5:1 and 20:1, respectively). 
In Case 3 (M. R.) septicemia developed 
during empiric therapy, which was shown by 
the direct test to be inadequate. Sharply in- 
creasing the dosage to serum levels complete- 
ly bacteriostatic for the isolated strain result- 
ed in complete recovery. Both patients were 
discharged as cured. 

Case 4 (Table 2). D. K. Acute septice- 
mia and meningitis developed following a 
partial prostatectomy in this 65 year old 
male. Subsequent penicillin dosage was 
shown to be more than adequate by the di- 
rect test. Blood and spinal fluid cultures be- 
came negative, and therapy was stopped. 
Intermittent low grade clironic septicemia 
subsequently developed, and the patient was 
treated with small empiric doses of penicillin 
alternated with sulfonamide drugs both in 
the hospital and at home without complete 
eradication of the infection. Some months 
later he was readmitted for study. Apparent- 
ly the same strain of hemolytic Staphylo- 
coccus aureus was again cultured from pe- 
ripheral blood, but its resistance to penicillin 
had increased 4-foId. Since the organism was 
sensitive to streptomycin, combined therapy 
was instituted, and tlie antibiotic level of the 
blood serum was demonstrated to be ade- 
quate to control the infection. Therapy was 
continued for a longer period, and the pa- 
tient discharged with no further recurrence 
of the septicemia. 

Case 5 (Table 2). R. W. Septicemia de- 
veloped secondary to chronic osteomyelitis, 
with a draining sinus. Penicillin levels dem- 
onstrated to be adequate for control were 
maintained until complete control of the in- 
fection was obtained. Prophylactic levels dur- 
ing a later admission for surgery to the sinus 
were satisfactory when tested against a simi- 
lar strain of Staphylococcus aureus isolated 
from the drainage. Recovery was satisfactory 
without recurrence of the septicemia, and 
the patient discharged. 

Case 6 (Table 2). L. R. This 3 weeks 
old baby was admitted for cellulitis of the 
finger and possible pneumonitis. Staphylo- 
coccus aureus was isolated from the excised 
finger and blood stream. Empiric therapy 
b;ised on age and weight was instituted. A 
second blood culture drawn during therapy 
was again positive for Staphylococcus aureus, 
but its sensitivity to penicillin had decreased. 


The patient’s serum had 4 -j- growth in 1:2 
dilution (undiluted serum, quantity insufB- 
cient) and the dosage was increased immedi- 
ately. In the meantime a lung abscess and 
several foci of acute osteomyelitis had devel- 
oped. A second test at the new dosage sched- 
ule established that therapy was more than 
adequate for control of the organism, and it 
was maintained at this level for 3 weeks. 
Subsequent blood cultures were sterile, and 
gradual resolution of all foci of infection, 
without surgical intervention, took place. In 
an attempt to hasten resolution and prevent 
possible secondary invaders from the lung 
abscess, streptomycin was given later in addi- 
tion to pencillin. All roentgenograms were 
normal at time of discharge and follow-up 
blood cultures negative. 

Case 7 (Table 2). Baby R. This one day 
old premature infant was admitted to the 
hospital following home delivery without 
medical attention with a cord stump infec- 
tion and meningitis symptoms. Staphylococcus 
aureus was cultured from the umbilicus, spi- 
nal fluid and peripheral blood. Pending 
identification of the isolated bacteria, both 
penicillin and streptomycin were given. Both 
drugs were continued because of the relative- 
ly high resistance to penicillin in vitro. The 
combined antibiotic blood serum level was 
more tlian adequate for control when tested 
directly and the spinal fluid and blood stream 
rapidly became sterile. Therapy was discon- 
tinued, evidently too soon. Multiple foci of 
acute osteomyelitis developed, and the blood 
culture became positive once more. Sensitiv- 
ity to penicillin was unchanged, but the or- 
ganism was now resistant to 80 micrograms 
of streptomycin. Penicillin therapy was re- 
sumed with blood serum levels shown by the 
direct test to be adequate for control of the 
infection, providing good penetration into in- 
fected areas could be obtained. Unfortunate- 
ly, other foci appeared throughout the body. 
A week later knee aspiration cultures yielded 
a third isolation of Staphylococcus aureus. 
Penicillin sensitivity remained the same (2.5 
O.xford units) and sensitivity to streptomycin 
had apparently decreased to 10 micrograms 
since withdrawal of this antibiotic. Despite 
continued therapy the clinical course became 
progressively worse, and the natient died. 
Undoubtedly, prematurity and debilitation as 
well as insufficiently prolonged treatment in 
the early stages were contributory factors in 
the failure of tlierapy in this infant. 

Comment: In spite of one frank fail- 
vire, in our opinion there is definite 
value in using this type of planned 
therapy, especially in cases of staphylo- 
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coccic osteomyelitis in children. An- 
tibiotic therapy in no way obviates the 
necessity for indicated surgical pro- 
cedures, particularly where sequestra 
have formed and in relatively avascular 
foci. During the early acute stage of 
osteomyelitis, antibiotic therapy has 
proven effective as the only adequate 
therapeutic measure, assuming that 
blood serum concentrations demon- 
strated to be adequate for complete 
bacteriostasis of the patient’s own or- 
ganism are maintained for sufficient 
periods of time. In our opinion sterile 
blood cultures are not, per se, ade- 
quate criteria for cessation of therapy. 

Our procedure is not routinely used 
for relatively sensitive organisms found 
in transient bacteremias and acute in- 
fections where the effectiveness of 
therapy is readily evidenced by the 
clinical response of the patient. As a 
control, however, in further study of 
the relationship between effective peni- 
cillin serum concentrations and in vitro 
sensitivity, several such cases were in- 
vestigated (Table 3, Group A), All 
were acute septicemias treated with 
penicillin following isolation of a sen- 
sitive organism from peripheral blood- 
Although variations in the ratio of ef- 
fective serum level to sensitivity were 
noted, tlie range was less marked. All 
infections promptly subsided following 
therapy, and repeat blood cultures 
were negative before discharge. 

The last 3 cases ( Table 3, Group B ) 
further illustrate the utility of this 
method for controlling therapy in the 
treatment of resistant organisms, or 
mi.\ed infections, especially when the 
use of more than one antibiotic is in- 
dicated. Immediate direct test of the 
bacteriostatic property of both spinal 
fluid and blood serum during various 
types of combined therapy has proven 
very’ valuable, pending results of indi- 
vidual sensitivity' tests with subsequent 
elimination of non-contributory drugs. 

There are two cardinal principles 


in the effective treatment of sub- 
acute bacterial endocarditis and simi- 
lar septic conditions with penicillin; 
namely, the amount and the duration 
of therapy. The latter is beyond the 
scope of this report, except in so far 
as optimal therapy may be expected to 
shorten the duration. In general it 
has been our experience that 4 to 5 
weeks are usually necessary to insure 
complete, permanent arrest, but no 
objective criteria have yet been found. 

The amount of penicillin to be given 
will depend upon the minimum blood 
serum concentration desired. The ef- 
fective blood level appears to us to be 
the resultant of 3 sets of variable fac- 
tors. First, and subject to a certain de- 
gree of control, are route of adminis- 
tration, vehicle employed, number of 
units and interval of each injection, 
and the use of artificial kidney blocks. 
A second group, subject to a greater 
degree of variability, is inherent in the 
individual patient: rate of absorption, 
rate of excretion and status of kidney 
function, inactivation by binding with 
plasma proteins,^ and specific anti- 
body production. A third group con- 
cerns properties inherent in the indi- 
vidual bacterium such as growth re- 
quirements, metabolism, and reaction 
to antibiotics. In addition to the in 
vitro sensitivity as usually defined, is 
the unpredictable variation observed in 
the concentrations of assayable peni- 
cillin which must be achieved in pa- 
tients’ sera in order to obtain the same 
degree of bacteriostasis. Eagle^ in his 
e.xcellent discussion of the therapeu- 
tic significance of blood penicillin lev- 
els, calls attention to two additional 
factors of possible significance in this 
respect. Concentrations of penicillin 
slightly above the minimal bacterio- 
static level appear to increase the rate 
of death of the susceptible organism; 
greatly increased concentrations, on 
the other hand, parado.xically appear 
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to decrease the death rate of certain 
strains of streptococci. 

Many, if not all, of these variables 
are susceptible to individual evalua- 
tion, but the methods are botli time 
consuming and tedious. Assay of the 
effective blood serum penicillin con- 
centration by using the organism iso- 
lated from the patient under treat- 
ment offers a direct, rapid and rela- 
tively accurate means of evaluating 
adequacy of therapy. By this method 
the minimal effective level is that con- 
centration of assayable blood serum 
penicillin which can be shown to be 
completely bacteriostatic for the strain 
isolated. We believe tlie optimal thera- 
peutic level should be at least twice 
the minimal effective level, as shown 
by our direct test. Penicillin dosage 
schedules should be adjusted to main- 
tain the necessary blood serum con- 
centration for e.xtended periods of 
time. 

Summary and Conclusions. 1. A di- 
rect test for determining the thera- 
peutic value of penicillin levels by as- 


say with the strain of bacteria isolated 
from the patient under treatment is 
described. 

2. Minimal and optimal effective 
blood serum penicillin concentrations 
applicable to therapy of subacute bac- 
terial endocarditis and infections due 
to relatively resistant strains of bac- 
teria are defined. 

3. It is recommended that penicillin 
therapy in such cases be based on 
maintenance of adequate serum levels 
as judged by the direct test for consid- 
erable periods of time. 

4. It is further recommended that 
unnecessarily high levels are not only 
economically wasteful, but may pos- 
sibly result in prolonging the duration 
of therapy by reducing the bacteri- 
cidal rate of the strain involved. 

5. Evidence is presented to prove 
that this type of planned therapy is a 
valid and effective basis for treatment 
of subacute bacterial endocarditis and 
chronic infections due to relatively re- 
sistant strains of susceptible organisms. 
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Since Zondek’s®^ first report in 1918, 
it has been recognized that a certain 
number of patients with myxedema 
develop cardiac phenomena that have 
been designated “myxedema heart.” 
These include: (1) a great increase in 
the size of the cardiac dulness on per- 
cussion, and of the cardiac shadow on 
fluoroscopy and in the roentgenogram; 
(2) faintness of the heart sounds on 
auscultation; (3) diminished minute 
volume of cardiac output; (4) feeble 
cardiac pulsations as seen fluoroscopi- 
cally; (5) reduced voltage in the elec- 
trocardiogram, especially of T-waves 
that are flattened or even inverted and 
at times a shortened Q-T interval; and 
(6) complete reversibility of these 
changes to normal, under treatment 
with thyroid hormone. 

These phenomena have usually been 
attributed by clinicians to a uniform 
dilatation, cryptic in nature, of aU car- 
diac chambers. The electrocardio- 
graphic changes, as Bellet and 
McMillan’^ state, have been e.xplained 
by alterations in the myocardium and 
by easier dissipation of tire cardiac 


action current through myxedematous 
tissue. Pathologists have little to say on 
the subject: as Boyd^ points out, the 
lack of autopsy material is responsible 
for our dearth of accurate knowledge. 
Boyd’s own e.xperience includes no 
necropsy and only 1 patient studied by 
Roentgen-ray. 

An occasional roentgenologist has 
commented on the similarity of the 
roentgenologic phenomena in these 
cases to those of pericardial effusion. 
Thus, Ungerleider and Gubner-^ sug- 
gest that when marked enlargement is 
present, pericardial effusion should be 
suspected. They point out that an effu- 
sion could largely or entirely explain 
such findings as the increased size of 
the cardiac shadow, the diminished 
amplitude of the cardiac pulsations, the 
faint heart sounds and even the electro- 
cardiographic changes. 

Yet there are on record compara- 
tively few instances of the proved 
presence of pericardial effusion in 
patients witli myxedema. Gordon^- in 
1929 reported the first case and in 1935 
discussed tlie subject before the Associ- 


fivfore the Association of American Physicians in Atlantic City, N. J., 
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ation of American Physicians.^^ Since 
then, an additional 16 publications 
bring to 21 the total number of 
recorded cases, 16 proved during life 
by pericardial tap and 5 found at ne- 
cropsy. Only Scherf-® lias observed as 
many as 3 cases, and ventures the 
belief that pericardial effusion is often 
present “in tlie large hearts of myxed- 
ema”. Plarrell and Johnston^'* report 2 
patients with positive taps. Lerman, 
Clark and Means^® cite post-mortem 
records in which 2 of 5 my.\'edema 
cases were found to have pericardial 
effusions. All the 

-‘’•-^•-^,-9 are single case reports, some- 
times one of a number (up to 20) of 
cases of myxedema heart studied by 
these authors. Witliout exception, the 
cases with proved effusion were those 
in which a very large cardiac size or 
shadow gave the clue to effusion and 
suggested a diagnostic tap. . 

The prevailing clinical view, there- 
fore, is that pericardial effusion is only 
rarely a contributory factor to the 
enlargement of the cardiac silhouette 
in tin's disease.^'! In a group of 4 con- 
secutive cases of myxedema we have 
made observations which we think 
warrant a revision of this view. 

C.iie Ilcports. C\se No. 1. Mrs. S. M., a 
white woman, aged 61 jears was admitted 
to this liospital on J.in. 30, 1917, with a chief 
complaint of a swollen face and e,isy falig- 
.ihdity. In 1935, because of thyrotoxicosis, she 
had been subjected in this hospital to a thy- 
roidectomy. At that time the heart w.is of 
normal si/e. (Fig. la).’ Several months later 
she noticed that she tired easily, was short of 
breath on exertion, w.is constipated and began 
to g.iin weight. The presence of my.xedenia 
xx.K recognized and thyroid treatment insti- 
tuted with good results. During the succeed- 
ing xears she w.is observed from time to time 
in the Out-Patient Dep.irtment and did well 
or not so well, depending on her observ.ince 
of treatment. For some xvecks prior to the 
present admission she had taken no thvroid. 

P/ii/nVul I’ruinniut/on showed an obese 
( 16S'i pounds, height 62 inches) elderlv 
xxom.ui xxith the typical heavy kicics of mvv- 


edema. The skin was dry and the hair dry 
and brittle. The cardiac dulness was greatly 
enlarged, the apex beat not visible; the sounds 
were faint and there was a soft systolic mur- 
mur. The blood pressure xvas 138/90 and tlie 
pulse 80 to 90. Although she had dyspnea on 
exertion, there were no objective signs of 
cardiac failure: the lung bases showed no 
rales, tire liver was not enlarged and there 
xvas no edema of the feet or ankles. 

Laboratory data: Basal metaboh'c rate— 18%, 
blood cholesterol 680 mg. per 100 cc., serum 
protein 7.5 gm., serum albumin 4.7 gm., 
serum globulin 2.8 gm., A/G ratio 1.7; inor- 
ganic phosphorus 3.4 mg., alkaline phospha- 
tase 2.4 units; blood count: erythrocytes 
4,700,000, hemoglobin 12 gm., leukocytes 
6800 (neutrophils 53%, lymphocytes 37%, 
monocytes 2%, eosinophils 57c, basophils 3%); 
urine analysis: Sp.gr. 1020, albumin l-f, other 
findings normal. 

The electrocardiogram (Fig. 5A) showed 
somewhat reduced voltage of the complexes, 
a P-R interval of 0.18 second, and negative 
T-waves in the limb leads and in CR4 and 
CR5: “findings compatible with hypothy- 
roidism”. 

A routine chest film (Fig. lb) showed a 
huge heart shadow, and by fluoroscope the 
cardiac pulsations were seen to be sluggish 
and small. Tlie roentgenologist made a diag- 
nosis of c.ardiac dilatation. 

However, the faintness of the heart sounds 
and lack of an ape.x impulse suggested to one 
of us (L.A.S.) the presence of a pericardial 
effusion. A pericardial puncture yielded 310 
cc. of a straw-colored fluid which xvas re- 
placed with an equal amount of air. Now the 
roentgenogram (Fig. Ic) showed a heart 
comparable in size to that of 12 years before, 
within a greatly distended pcric.irdium that 
still contained much fluid. The pericardial sac 
had a thin wall that certainly was not edema- 
tous. Under the fluoroscope the norni.d-si/ed 
heart showed hyperactive pulsations within 
the pneumo-hydro-pericardium, quite differ- 
ent from the feeble pulsations of the silhouette 
seen before tapping. 

Course: Treatment with thyToid substance 
was then begun, with good results. On Feb. 
25, 1917, 26 days .ifter admission, her meta- 
bolic rate w.is -t-4% and the cholesterol 258 
mg. At the same time the eardiac outlin" 
diminished markedly, with disappe.arance of 
the pericardial effusion (Fig. Id). There was 
also a return toward the norin.il in the elec- 
trocardiogram (Fig. 5B). 

We have observed this patient in two ad- 
ditional periods of hypothyroidism, induced 
with her consent by omitting treatment. In 


•All chist rofiUgtnogr.ims here used arc 4 foot films, not teleoroentgcnogr.uns. 
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January, 1948, when she had been without 
medication for several weeks, she had gained 
20 pounds, her cardiac dulness was enlarged 
and the heait sounds were feeble. The roent- 
genogram showed again an increased cardiac 
shadow. Paracentesis again showed the pres- 
ence of a straw-colored effusion in the peri- 
cardial sac. Under thyroid treahnent there 
was again return to normal in the several 
findings. In a second period of low metabo- 
lism 2 months later there was clinical and 
roentgenological evidence of pericardial ef- 
fusion, but we did not feel justified in doing 
another tap. 


She is now being kept in a euthyroid state 
and has no apparent cardiac abnormality. 

These observations led us to think 
promptly of the possibility of peri- 
cardial effusion in the next patient with 
myxedema whom we encountered. 

Case No. 2. Mrs. J.M., a white woman aged 
67, was seen in 1947 because of chief com- 
plaints of dizziness, lassitude and intolerance 
of cold. In 1923 she had a partial thyroidec- 
tomy because of thyrotoxicosis that had in- 
volved a weight loss of 106 pounds. In 1935 
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thtie were renewed evidences of thyrotoxi- 
cosis for which she received irradiation of the 
thyroid, with resultant improvement. In 1943 
the myxedema began tliat brought her to us 
4 years later. 

Physical examination showed a short fat 
woman (61 inches, 161 pounds) in no distress. 
The face was puffy and the hair dry. The 
cardiac dulness was greatly enlarged, the 
heart sounds were feeble, and there was a 
soft mitral systolic murmur. There was no 
evidence of circulatory failure: no basal rales, 
hepatic swelling or peripheral edema. The 
blood pressure was 96/56 and the pulse rate 
86 . 

Laboratory data: Basal metabolic rate— 25S, 
serum cholesterol 420 mg. per 100 cc.; blood 
count: 3,900,000 erythrocytes, 12.6 gm. 
hemoglobin, 4800 leukocytes; urine findings 
within normal limits. 


Case 3: Mrs. V.H., a white woman of 58 
years, was admitted in June, 1947, because of 
post operative myxedema. In 1940 she had 
nad a subtotal thyroidectomy for thyrotoxi- 
cosis, and in the years that followed she 
gained 60 pounds in weight. 

Physical examination showed an obese sub- 
ject (198 pounds, 6431 inches) with no other 
positive findings. The blood pressure was 
130/80, the pulse 72. The precordial dulness 
was not much enlarged, but the heart sounds 
were of fair quality. There were neither signs 
nor symptoms of any cardiac failure. 

Laboratory studies: A basal metabolic rate 
of —18%, serum cholesterol 608 mg. per 100 
cc., normal blood count and urine findings, a 
normal sugar tolerance curve. 

The electrocardiogram showed upright P- 
waves, P-R interval 0.14 second, low voltage 
in all leads, T- waves low in all leads. 



FIG. 2.— Case 2: (a) Chest film after removal of 150 cc. of pericardial fluid and replacement 
with air in msxedematous patient, (b) Diminished heart size after 6 weeks of thyroid medication. 


Under the fluoroscope the large heart size 
w.is confinned. 

The eleclroc;irdiogram showed low volt;ige 
in all Ic.ids, P-w.ives upright in all leads, P-R 
interxal 0.16 second, QRS not rem:irkable, 
T-wa\es ilipluisic in Leads I and II and in 
the precordial leads. 

Pericardial t;ip yielded 150 cc. of straw- 
colored fluid that W.IS replaced, witlr air. The 
roenlgenogr.un (Fig. 2a) showed the presence 
of consider.ible residual fluid and again a thin 
uon-erleiuatous peric.irdium. 

Course. Six weeks later under thjToid treat- 
ment she w;is much improved: her weight had 
droppe'd to 147, the bas.al metabolic rate u-.is 
— lOG-, the serum cholesterol 2(0 mg. The 
ehetriK-ardiogram showed incre.ascd voltage of 
file etuuplexes and upright T-waves, and the 
rce nigenogr.un showed a definite decrexse in 
the he.irt si/e (Fig. 2b' 


The roentgenogram (Fig. 3a) was reported 
as showing the heart to be “moderately but 
definitely enlarged, with nothing character- 
istic in the configuration. The enlargement is 
app.irently both right and left sided. We un- 
derstand that pericardial effusion is considered 
from the clinical standpoint, but from the 
Roentgen standpoint we feel unable either to 
confinir or rule out this impression." 

.\ pericardial tap nevertheless yielded 150 
cc. of a straw-colored fluid. 

Three weeks later, under thyroid treatment, 
she had a basal metabolic rate of — 3Z, a 
scrum cholesterol of 350 mg., a normal elec- 
trocardiogram and a normal-sized heart 
shadow (Fig. 3b). 

C.XSE 4: Mrs, M.S., a white woman aged 
62 years, was admitted to hospital on Febru- 
ary 16, 1948, because of failing vision due to 
cat.iracts. For 7 sears she had been gaining 
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weight, was easily fatigued and lost a good 
deal of hair. She had also had definite anginal 
symptoms, with precordial pain radiating to 
the neck and left arm upon exertion. 

Physical examination showed, in addition to 
obesity and cataracts, an enlarged cardiac 
dulness with feeble heart sounds, a soft sys- 


cc.; blood count; 3,400,000 erythrocytes, 9.9 
gm. hemoglobin, 4900 leukocytes with a 
normal differential count; urine: a trace of 
albumin; serum protein 6.4 gm., serum 
albumin 4.0 gm., globuhn 2.4 gm., calcium 
10.6 mg. 

The electrocardiogram showed low voltage. 



FIG. 3.— Case 3. (a) Chest film of myxedematous patient, cardiac shadow does not suggest 
presence of pericardial effusion, yet tap yielded 150 cc. of fluid, (b) Three weeks later, undei 
tliyroid medication, normal heart shadow. 



FIG. 4.-Case 4: (a) Chest film of myxedematous patient; roentgenologic diagnosis: “enlarged 
heart shadow, especially left ventricle, no pericardial effusion”. But tap yielded 103 cc. of fluid, 
which was replaced (b) with air. Note thin line of pericardium. 


tolic mitral murmur and no palpable cardiac 
impulse. The blood pressure was 120/74 and 
the pulse 86. 

Laboratory data; A basal metabolic rate of 
—42%, serum cholesterol 37.0 mg. per 100 


upright P'waves, P-R interval 0.16 second, 
flat T-waves and QRS changes suggesting 
coronary insufliciency. 

The roentgenogram shoxv'ed an enlarged 
heart shadow', and the roentgenologist spoke 
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of a large left ventricle and an “aortic con- 
figuration”, but made no mention of possible 
pericardial effusion (Fig. 4a). 

Since die clinical diagnosis of spontaneous 
or primary myxedema was established, it was 
decided to perform a pericardial paracentesis. 
The tap yielded 105 cc. of straw-colored fluid 
like that of the other 3 cases. The fluid was 
replaced with an equal amount of air and 
another film made (Fig. 4b) that again made 
visible the thin-walled pericardium. 

A B 
2-3-47 2-25-47 


silhouette definitely diminished in size. A 
cataract e.xtraction was performed without 
mishap. 

Here, then, are 4 consecutive cases 
of my.\'edema in each of which the 
presence of a considerable pericardial 
effusion was proved. Yet none had any 
evidence of congestive heart failure 
and 2 of the 4 had relatively little 

C D 
1-6-48 2-13-48 



FIG. 5.— Electrocardiographic findings in Case 1 during (A, C) 2 periods of low metabolism 
(pericardial eflusion proved by tap in each period) and (B, D) 2 periods of normal metabolism 
alter thyroid medication. Note T wave changes and low voltage in (A) and (C), and improve- 
ment in these points in (B) and (D). 


ABC 

0-20-17 0-20-47 7-23-47 


I 


II 


HI 


FIG. (i.— Impnnement in elettrocardiotiram observed in Case 3 as shown by records made 
on s.iine da\. (.\) before and (B) after the removal of 130 cc. of pericardial fluid. Further 
ii]i[)ri)V ement slioun in (C) after 33 d.ivs of thvroid medication. 



'Ihvroid treatment was tautiously given to 
this p itient bec.uise of the historv' of angina. 
Gn >0 mg. of thvroid dailv her met.ibolic rate 
ri ■ I lined .it — 2f)c. although the cholesterol 
ti ’.1 to 170 mg. Nevertheless the electrocardio- 
gr.iiii showed incre-.ese’tl voltage and T-w.ivcs 
ll, it Wire more nearly upright and the c.irdiac 


enlargement of the heart shadow. In 
each the e.xhibition of thyroid resulted 
in a regression of the effusion. In other 
words, the effusion played both a 
constant and a considerable role in the 
cardiac findings and was related 
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directly to the myxedema. In Case 1 
this relationship was demonstrated 3 
times. 

We also believe that the electro- 
cardiographic changes noted in myxed- 
ema heart by many observers may 
largely, if not wholly, be caused by the 
fluid in the pericardial sac. The degree 
of change under treatment has suggest- 
ed to others that absorption of fluid 
seemed at least partly responsible for 
the improvement noted in the tracings. 
Moreover the ability to reproduce these 
changes makes the effusion a more 
likely explanation than purely myo- 
cardial changes. Figure 5 shows two 
such observations in our Case 1. Never- 
theless, myocardial edema might still 
,be present together with the effusion 
and so could be responsible for some of 
the changes before, as compared with 
after treatment. 

Therefore, we call particular atten- 
tion to this observation on Case 3: the 
improvement in electrocardiograms 
made on the same day, just before and 
just after the removal of 150 cc. of 
pericardial effusion (Fig. 6). This 
degree of change would occur only 
after at least 10 days of thyroid admini- 
stration. Moreover, it is clear, on study 
of the films of the other 3 cases that 
some fluid must have remained in this 
case too, the removal of which would 
have effected an even closer approach 
to the final normal tracing at the end of 
thyroid treatment. (This type of elec- 
trocardiographic study could not be 
made in the other 3 cases because in 
them we were anxious to get contrast 
pictures of pericrrdium and fluid by 
means of air replacing the fluid.) 

That fluid could be tlie main cause 
of the electrocardiographic changes 
also has e,\perimental support. Katz, 
Feil and Scott'® injected salt solution 
into the pericardial sac of dogs and 
found resultant changes in the electro- 
cardiogram, including smaller Q-R-S 
complexes and at times a shortened 


S-T segment. Scherp-* in similar experi- 
ments noted that the voltage of 
recorded waves was reduced by one- 
half, but returned promptly to normal 
when the fluid was withdrawn from tlie 
pericardium. 

Further evidence in favor of the 
major role of • pericardial effusion in 
“myxedema heart” is furnished by the 
records of the cases reported by others. 
Of the 16 patients that were observed 
clinically, 3 were known to have had 
their effusions during 4, 5 and 16 years 
respectively^’®’"® before the myxedema 
was recognized; yet all 3 did well 
under thyroid ti'eatment and were free 
of cardiac difficulties for one or more 
years at tire time of reporting. Boivin’s 
patient® had at least 75 pericardial taps 
before she received thyroid medication 
at the age of 64. It is hard to believe 
that these patients could have had 
severe myocardial disease or much 
cardiac dilatation for so long a time 
and yet do so well under treatment. 

Effusions into the serous cavities, 
including the pericardium, have been 
observed in experimental myxedema by 
Tatum®® in rabbits and by Goldberg" 
in sheep. 

Furthermore, there are several good 
reasons against the view that myo- 
cardial disease and cardiac dilatation 
play the chief role in “myxedema 
heart"; 

1. Congestive failure is relatively 
rare in myxedema, as pointed out by 
Means.®® What is more, it is uncommon 
even in the reported patients with 
obvious “myxedema heart”. This has 
been well discussed by Waring,®® who 
points out that in “my.xedema heart” 
the picture is “adynamic”, with 
lethargy, slow pulse and respirations, 
sluggish heart action; perhaps dyspnea 
on exertion, but rarely orthopnea; with 
infrequent cyanosis, pulmonary or 
hepatic congestion and with normal 
venous pressure. In congestive failure, 
on the other hand, tlie picture is 
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“dynamic”, with tachycardia, dyspnea, 
pulmonary and hepatic congestion, 
increased venous pressure and depend- 
ant edema. 

2. Pericardial effusion in myxedema 
does not of itself embarrass the cardiac 
function to any notable degree. This is 
due probably to two reasons: the slow 
development of the effusion and the 
rather surprising distensibility of the 
pericardium. These account for the 
relative lack of any tamponade effect, 
although in each of our patients the 
pulse rate was slower 24 hours after 
tapping (SO, 72, 70 and 60 respectively) 
than it had been before (96, 90, 86, 
and SO). They also account for the 
large quantity of effusion that may 
accumulate without much clinical re- 
action: in Howard’s case^^ at necropsy 
a normal-sized heart was found in an 
unsuspected effusion measuring 4000 
cc. 

3. The blood volume is increased 
in congestive failure. In my.\edema the 
blood volume is usually decreased. It 
was diminished in the 3 of our patients 
.so studied. 

4. The Q-T interval (electric sys- 
tole), as Tung-' has pointed out, is 
increased in cardiac enlargement with- 
out effusion; it is normal or diminished 
in pericardial effusion. It was normal or 
diminished in our 4 patients. 

N.vruRE OF THE Peiuc.uujial Effu- 
sio.v. In each of our patients tlie peri- 
cardial punctate had a fairly similar 
composition. While detailed analyses 
will be published elsewhere, these 
salient points are here noted; Eachfluid 
was straw-colored and nearly clear. 
The specific grasities ranged from 
1012 to 1025. The electrolytes (sodium, 
potassium) were present in about the 
same concentrations as in the blood. 
Cholesterol was present in the fluids, 
but in not over 20'^c of the amounts 
observed in the blood (e.g., Case 1; 
serum cholesterol 6S0 mg. per 100 ec., 
punctate 136 mg.; Case 2: seniin 60S 


mg., punctate 76 mg.; Case 3: serum 
460 mg., punctate 90 mg.). The total 
protein figures for punctates were also 
somewhat lower than for the blood 
(e.g.. Case 1: Serum total protein 7.5 
gm., albumin 4.7 gm., globulin 2.8 gm.; 
punctate total protein 5.9 gm., albumin 

4.4 gm., globulin 1.5 gm.). The 
globulin fraction was relatively lower 
in punctate than in serum, the extreme 
figures being in Case 4: semm protein 

6.4 gm., albumin 4.0 gm., globulin 2.4 
gm., punctate protein 2.8 gm., albumin 

2.5 gm., globulin 0.3 gm. 

The cellular elements were leuko- 
cytes that in total numbers ranged as 
high as 488 per c. mm., of which 23% 
were neutrophils and 77% lymphocytes. 
There were no erythrocytes. The fluids 
were all sterile on culture, including 
special studies for tubercle bacilli. 

Mechanism of Pericardial Effu- 
sion IN Myxedema. We have no expla- 
nation for the occurrence of the effusion 
into the pericardium or the other 
serous cavities. We wish, however, 
to endorse the view of Means and his 
colleagues^^ that “Myxedema heart” 
is not a disease of the heart but a 
manifestation of the disease my.xed- 
ema. Myxedema heart, and especially 
massive pericardial effusion which we 
believe is its major component, appears 
to be a funcHon of virtual athyrosis, for 
the fluid clears up on thyroid medica- 
tion before the metabolic rate has 
returned to normal. This is a fortunate 
circumstance, for thyroid medication in 
myxedema must be used cautiously in 
all cases. As Christian' and others have 
pointed out, the uncontrolled use of 
such treatment may have serious and 
even fatal consequences. Especially in 
the presence of anginal symptoms is 
such caution necessary, but even they 
do not flatly contraindicate treatment, 
since angina in the myxedematous is 
at times even helped by thyroid medi- 
cation. 
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The Diagnosis of Pericardial Effu- 
sion. Our observations emphasize the 
fallibility of the roentgenological 
method in the diagnosis of pericardial 
effusions, even when they are of con- 
siderable size. A glance at the illustra- 
tions for our cases will show the 
uselessness of a sign that continues to 
be mentioned both in roentgenological 
and physical diagnosis as indicative of 
effusion: the obliteration of the acute 
reentering cardio-hepatic angle. Much 
more significant are the feeble sluggish 
movements of the shadow on fluoro- 
scopy, the diminished heart sounds and 
the obliterated or feeble apex impulse 
with a widened precordial dulness on 
physical examination and possibly the 
added help from the electrocardiogram. 
Perhaps the roentgenologist should 
acknowledge his limitations by speak- 
ing of the “pericardial” rather than the 
“cardiac” silhouette. 

Summary and Conclusions. 1. “Myxe- 
dema heart” is of not uncommon 
occurrence in untreated myxedema and 
has heretofore been explained on the 
basis of a uniform dilatation of all 
cardiac chambers. Little consideration 
has been given to pericardial effusion, 
a condition reported to date in only 21 
cases of myxedema. 

2. Yet in 4 consecutive patients with 
myxedema we have demonstrated con- 
siderable pericardial effusion, even 
when roentgenologic findings were not 
suggestive of its presence, and in the 


absence of any evidence of congestive 
failure. 

3. In all 4 patients the effusion 
cleared up under thyroid medication, 
and in one patient this phenomenon 
was observed in 2 additional periods 
of hypothyroidism induced with the 
patient’s consent by omitting treatment. 

4. The electrocardiographic picture 
of “myxedema heart”, hitherto ascribed 
to myocardial changes and to the 
effects of tissue edema, can even better 
be explained by the effect of a 
blanketing pericardial effusion. This 
view is not only suggested by the 
previous experimental evidence of 
others, but is strongly supported by 
our findings of marked electrocardio- 
graphic improvement between 2 
tracings taken on the same day just 
before and just after the aspiration of 
the pericardial effusion. 

5. We therefore believe that peri- 
cardial effusion is a constant, an early, 
and the major factor in the cardiac 
findings in myxedema (“myxedema 
heart”). 

6. “Myxedema heart” is not a cardiac 
disease, but a manifestation of the 
disease myxedema, and has the much 
more favorable therapeutic and prog- 
nostic outlook of the latter. 

7. The nature of the pericardial 
effusion is described. 

8. The diagnostic criteria of peri- 
cardial effusion and the limitations of 
its roentgenologic recognition are 
briefly discussed. 
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SOME CARDIOLOGICAL PROBLEMS OF THE TROPICS 


By E. Garcia Cai^riclo, M.D. 

CHIEF, CARDIOLOGY SERVICE, SAN JUAN DE DIOS HOSPITAL 
SAN JOSE, COSTA RICA 


In the 1930-1931 Report of the for- 
mer “Junta de Caridad de San Jose”, 
Rotter^® gives a frequency of 6% of 
affections of the circulatory system as 
cause of death among 559 autopsies 
carried on at this hospital. We have 
now analyzed 8000 autopsies as, a basis 
for this study, finding a cardiovascular 
mortality of 768 cases (9.6%). In almost 
every country there has been noticed 
in the last decades a tendency toward 
greater mortality due to such cause, 
and Costa Rica is no exception to the 
rule. The quinquennial mortality rate 
from 1916 to 1940 has climbed from 
84.7 per 100,000 inhabitants to 122.3. 
Already it has been said that in our 
country the affections of the circulatory 
system occupy the first place among the 
causes of death in the population, if 
those under 5 years are excluded.-^ 
Moreover, the effect of the tropical 
location of the country provides dis- 
tinguishing features of cardiological 
practice in this country, as we have 
been able to ascertain after more than 
10 years’ e.xperience. 

The climate has a favorable influence 
upon the rarity of cardiac complica- 
tions in goiter. Classical exophthalmic 
goiter prevails in regions that have a 
continental climate, but not in those of 
a maritime climate, such as exists in our 
country. On the other hand, the same 
as in the mountainous countries' of 
Europe, endemic goiter is not at all 
rare, it being known that the inhabit- 
ants of the high valleys are predis- 
posed to suffer from it. 

It is also probable that climatic fac- 
tors are related to the rarity of bacterial 
endocarditis, either by modifying the 
microorganism’s A'irulence or enhancing 


the host’s resistance. The local fre- 
quency of parasitism and the careless- 
ness of the inhabitants open wide doors 
to infections such as pyodermatitis and 
oral sepsis. By such means perhaps the 
immunity to the microbes commonly 
causing the bacterial endocarditis is 
increased. 

The climate, on the contrary, is un- 
favorable in its effect upon faulty nu- 
trition, either thi'ough economic factors 
affecting the consumer or by directly 
modifying a subtle nutritional equilib- 
rium in foods. The relative shortage or 
the high price of fats and its lesser 
consumption due to the warm climate 
probably is a factor in the rarity of 
myocardial infarction (in hospital pa- 
tients), influencing in a favorable sense 
the evolution of coronary arterioscle- 
rosis. 

It is recognized that among the di- 
verse causes of heart disease parasites 
hold a place. Precisely the tropical 
climate creates adequate conditions for 
the transmission of malaria, Chagas’ 
disease, ankylostomiasis, to mention 
just a few tropical affections which 
might be accompanied by cardiac dis- 
turbances. 

The following points deserve special 
comment; 1. Medical geography; 2. 
The frequent causes of heart disease; 

3. The rarer causes of heart disease; 

4. The heart in relation to some tropical 
diseases. 

1. Medical Geography. The terri- 
tory of Costa Rica is subject to 3 geo- 
graphical factors-latitude, altitude and 
the two oceans— which affect its clima- 
tology materially. 

This country is very near the equa- 
tor; the capital, almost in tlie center of 

( 619 ) 
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the country, is situated approximately 
at 10° northern latitude. Therefore it 
must be classified as located in the 
inter-tropical zone. The low regions are 
formed by plains and virgin forest, but 
soon the mountainous spurs begin and 
reach above 12,000 feet at their high- 
est altitude. Two parallel ranges divide 
the country into two watersheds which 
flow into the Caribbean Sea on the 
East and the Pacific Ocean on the West. 
The width of the country varies from 
70 to some 170 miles. The mountains 
run from northwest to southeast. Two 
large rivers surround the central pla- 
teau that shelters the greatest part of 
the population, its climate being better 
fitted for the development of human 
activities. These data will help to ex- 
plain the climate in relation to atmos- 
pheric temperature, barometric pres- 
sure, evaporation, sunshine, humidity, 
clouds, wind and rain.^^ 

1. Air Temperature. Hot on the coasts 
as expected at this latitude, it is re- 
freshed by sea breezes, not yet well 
studied. The temperature is highest m 
the low regions in which the sea influ- 
ence is small, and starts to fall with 
altitude. The territorial block, for rea- 
sons stated, is not subject to the sudden 
variations of temperature of those 
regions more distant from the equator 
and properly continental. 

2. Barometric Pressure. Pressure di- 
minishes with elevation but it remains 
very stable because of the absence of 
the disturbances of the continental 
masses. 

3. Evaporation, sunshine, humiditij. 
These factors are greatly influenced by 
latitude. It has been rightly said that a 
tropical sun is always a tropical sun. 
The altitude is of little influence ap- 
parently, although we have no definite 
figures on this matter. 

4. Clouds. Generally the sky is clear 
in the morning, but soon becomes 
cloudy with an e.xcessive evaporation, 

.5. Winds. Tire changes of the air 


masses between the hot ground and the 
upper atmospheric layers and the influ- 
ence of the slopes of the mountains 
foster winds on the plateau, not thor- 
oughly known, which appear to be an 
important factor in the local variations 
of the climate. On the other hand, tode 
winds blow continually from the north- 
east, laden with the oceanic refreshing 
humidity. Winds from the south blow 
at different periods; their influence is 
not clear. 

6. Bain. The direction of the moun- 
tain range, perpendicular to that of the 
northeastern winds, remarkably inBu- 
ences the quantity of water which is 
precipitated on the Caribbean water- 
shed, where the rainy season is prac- 
tically continuous. The precipitation on 
the rest of the country obeys a more 
obvious rhythm, the rainy months are 
from May to November and the dry 
season follows during the balance of 
the year. The type of rain is that 
brought by tire northeastern winds: 
brief, abundant, stormy. 

In short, we can say that although 
Costa Rica is placed among the regions 
of hot climate, it offers, depending on 
the watershed, either the type of equa- 
torial climate without any true dry sea- 
son, the biological characteristics of 
which include among others richness of 
vegetation and intense parasitism; or 
the type of tropical climate with a dry 
summer and a rainy season in the 
winter. Besides, the central plateau 
enjoys the characteristics of the moun- 
tain climate of the hot regions; little 
temperature variations (average 68° 
F.), absence of a stimulating rhythm 
with that sweetness of the perpetual 
Spring which conceals the somnolence 
of the mind and of the senses. 

The altitude of the plateau varies 
between 3,000 and 8,000 feet. However, 
the view that this elevation above sea 
level may constitute an unfavorable 
factor for the circulatory system is not 
supported by clinical observation. Peo- 
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pie adapted to the plateau are seen to South of the United States, in a com- 
be clearly diflFerentiated in their vascu- parable group of 8313 autopsies found 
lar reactions from subjects who have 117 cases whose death was due to myo- 
been suddenly transported to consider- cardial infarction and, or, coronary oc- 
able heights or who are submitted to elusion (an incidence of 1.4%). 
barometric variations in air chambers. We may safely conclude that coro- 
2. The Frequent Causes of Heart nary artery disease and acute coronary 
Disease. The fundamental causes of thrombosis do not have among hospital 
heart disease can be summarized into patients an importance comparable to 
4 etiological groups: sclerosis, rheuma- that of northern countries. It is possible, 
tism, syphilis and cardio-pulmonary. of course, that the important factor to 
These comprise almost 90% of the types which this phenomenon might be due 
found post-mortem. In the sclerosis is a diet poor in fats, related to adverse 
group we include calcific aortic sten- economic factors affecting the popula- 
osis, aortic atheroma, generalized ar- tion served by hospitals, and to the 
teriosclerosis, coronary arteriosclerosis, lessened caloric requirement in a mild 
myocardial infarction and generally the climate. 

so-called cardio-renal group. In the Contrary to what has been declared 
rheumatic group are included all valvu- by authors without tropical cardiolog- 
lar lesions except the syphilitic and cal- ical experience, rheumatic heart disease 


TABLE l.-FREQUENT CAUSES OF CARDIAC DEATHS IN COSTA RICA 


Etiology 

% of all Autopsies 

% of Cardiac Deaths 

Females 

Males 

Sclerosis 

4.4 

46.1 

118 

238 

Rheumatism 

1.7 

18.0 

53 

86 

Rheumatism & Calcific Aortic Stenosis 

1.9 

20.0 

59 

100 

Syphilis 

1.8 

19.1 

27 

120 

Cardio-Pulmonary 

0.4 

5.0 

16 

23 




273 

567 


cific aortic stenosis. But due to etiologic is fairly frequent. It seems to us un- 
doubts^^ concerning aortic stenosis questionable that bad hygienic living 
with calcification of the valves, we conditions of a great sector of die popu- 
have made a sub-group of these cases lation determine its incidence. Holou- 
plus those properly rheumatic. In the bek’s^° figures are less dian our own, 
syphilitic group are included syphilitic 15.6%. The same is true of Scott and 
aortitis and aortic aneurysm. In the Garvin s^- in Ohio. Clawson^ in Minne- 
cardio-pulmonary group are classified sota, among 30,265 autopsies finds 
heart failure secondary to a pulmonary 18.6%. Additional studies on this sub- 
disease, broncluectasis in most of die ject have been published elsewhere.® 
cases. We can conclude by saying that ch- 

in Table 1 we present data gathered mate by itself does not possess pre- 
in our study of 8000 necropsies. ventive or curative virtues for rheu- 

We have been much impressed by matic cardiopathies, 
the few cases that were found of myo- The frequency of syphilis might seem 
cardial infarction, only 23 (0.2%) of relatively high. However, it is less than 
the total number of autopsies. Master®^ that found in other countries of similar 
concludes that in the United States racial and social characteristics.^^ For 
114,000 persons die annually from coro- instance in Puerto Rico, Koppisch®^ re- 
naiy artery disease. Holoubeki® in the wewed 1259 autopsies, finding an in- 
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cidence of 10% of all forms of heart implications^ ‘ One may conclude that 
disease, of which syphilis was the most the so-called isolated myocarditis 
important cause, being found in 30% (Fiedler’s) is not the best inclusive 
of the cardiac cases. Among our people term for such a heterogeneous group of 
a high percentage of negro patients diseases. A new approach toward the 
who died from this cause is observed, possibility of myocardial damage pro- 
The incidence of negroes with syphilitic duced by allergic and metabolic dis- 
heart disease is 31.9%, much higher turbances, including malnutrition, is 
than in any other form, tlie percentage evident. The cases associated with 
of negroes among the total cardiovas- hepatic cirrhosis seem to us^® particu- 
cular mortality being only 17.5%. Ex- larly revealing in view of tlie fact that 
eluding diis race, the incidence of car- cirrhosis has been mentioned as asso- 
diovascular syphilis is reduced to \ 2 >%. ciated with beri-beri heart disease in 
3. The Rarer Causes of Heart Dis- alcoholics. Besides, there has been re- 
EASE. These less frequent causes of cently much insistence upon deficiency 
heart disease represent 11.4% of tlie factors in the etiology of cirrhosis of 

TABLE 2.-RARER CAUSES OF HEART DISEASE IN COSTA RICA 


Groups Etiology Cases 

1. Lack of Data Unknown 13 

2. Rare Types Myocardial Abscess 1 

Cysticercosis of tlie Myocardium 1 

Necrotic Post-partum Myocarditis^^ 1 

Pericarditis 7 

Rupture of tlie Aorta 1 

Tumor of the Heart 3 

3. Rare Types in Other Countries Anemia 18 

Ankylostomiasis 10 

Ankylostomiasis & Nephrosis 1 

Malnutrition & Hepatic Cirrhosis 5 

Malnutrition & Tuberculosis 4 

4. Frequent Types in Other Countries Congenital Heart Disease * 7 

Fatty Infiltration of tlie Heart 1 

Bacterial Endocarditis 21 

Total 93* 

® 0 cases duplicated in Table 1. 


total cardiovascular mortality reviewed, the hver. Clinically these cases can be 
E.xcluding those affections rare by diagnosed as myocardial fibrosis, as the 
themselves and the imcertain cases due autopsy findings show zones of fibrosis 
to lack of data in the autopsies and in the myocardium and endocardium 
clinical study, 2 important sub-groups with parietal tlirombus formation and 
remain. The first is that of causes rarer frequently far reaching embolization.®’^^ 
in other countries, chiefly anemic and Although our study has been made 
nutritional heart disease. The second is among subjects living in conditions of 
that of causes more frequent in other relative malnutrition it is surprising 
places, especially sub-acute bacterial that the number of cases is not higher, 
endocarditis (See Table 2). It is possible that many such patients 

A reriew of recent studies made on who die of intercurrent diseases are 
myocardial syndromes of uncertain classified under tuberculosis, pneu- 
etiology reveals that authors do not monia, and so on. 
agree on terminology or pathogenic More frequently we observe clini- 
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cally and in the necropsies anemic heart 
disease due to the high incidence of 
ankylostomiasis. We shall refer to this 
affection later. 

It is known that bacterial endocar- 
ditis in its acute form is usually very 
rare. In our material we found only 
2 such cases. As it may appear in the 
course of many infectious diseases and 
this particular group of cases was not 
surveyed, our statistics are incomplete, 
so we shall take under consideration 
only 19 cases' of the subacute variety. 

P. D. White®'^ says that subacute 
bacterial endocarditis occurs in about 
5% of cases of rheumatic heart disease 
and he supposes “that in communities 
where rheumatic heart disease is infre- 
quent the predisposing factor of con- 


We believe that, contrary to current 
medical thinking,-® the presence and 
persistence of known focal infection in 
rheumatics in some way protects them 
from bacterial endocarditis. It is only 
among those rheumatics who take ex- 
cessive care of themselves by eradicat- 
ing all possible foci of infection, or who 
by chance come in contact with more 
virulent organisms, that a secondary 
bacterial endocarditis is likely to de- 
velop. It is a fact that the rheumatics 
we meet every day in hospital practice 
never bother about prophylaxis. And 
the same is probably true regarding 
the poor population of the Southern 
United States or the tropical workers 
in the Panama Canal Zone (See Table 
3). 


I'ABLE 3.-DEATHS FROM RHEUMATIC HEART DISEASE AND BACTERIAL ENDO- 
CARDITIS IN NORTH AND CENTRAL AMERICA 


Authois 

Cardiac Death'! 

% Rheumatism 

% Bacterial Endocarditis 

Cltawson, Minnesota 

4678 

18.6 

11.0 

Garcia Carrillo, Costa Rica 

768 

20.0 

2.7 

Jloloubek, Louisiana 

1045 

15.6 

4.7 

Kean, Canal Zone, Panama 

2497 

— 

2.8 

Scott & Garvin, Ohio 

790 

15.1 

5.6 


genital defects is as important as is that 
of rheumatic valvular disease, and in 
such communities one would e.x}iect to 
find the total incidence of subacute 
bacterial endocarditis considerably re- 
duced in comparison with that in rheu- 
matic areas”. Among our cases, on the 
contrary, there stands out only one case 
of endocax'ditis upon a congenital lesion 
opposing the total cases of rheu- 
matic heart disease. Our incidence of 
subacute bacterial endocarditis is 2,7%. 
Holoubek^® gives a figure of 4.7%. 
Kean,-® analyzing 14,304 autopsies 
among workers in the Canal Zone, 
Panama, gives figures like ours; 2.8% 
(when Americans are included: 3.7Z). 

In Holoubek’s^® statistics appro.xi- 
mately half were negroes; in Kean's®® 
series 63.3% of the total were negroes. 
In ours there %x'as only one doubtful 
case, so we minimize the racial factor. 


We recall that Libman and Fried- 
berg®® deal with the immunization 
problem as follows: “A trial of pro- 
phylactic immunization of patients with 
acquired valvular and congenital heart 
disease seems indicated since the usual 
causative organisms in the persons af- 
fected are known. The difficulty lies in 
the absence of immunologic tests to 
determine whether any immunity has 
been effected”. 

To close this section let us point out 
that significant fatty change of the 
myocardium is an exception, only 1 
such case being found in our material, 

4. The Heart In Relation To Some 
Tropical Diseases. We do not find in 
this series of autopsies any case of myo- 
carditis due to Chagas’ disease or to 
malaria. But as no special research was 
done in malaria it can not be ascer- 
tained what was the incidence of myo- 
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carditis or what may be its relation to 
anemic heart disease. 

There is no evidence in favor of 
valvular lesions being produced by 
malaria, but in certain cases of the so- 
called pernicious attack, sudden death 
may occur. Generally it happens to be 
a paludic case with high fever, pallor 
or cyanosis, dyspnea, profuse sweat- 
ing delirium, preeordial anguish or 
pain, rapid, irregular and small pulse, 
weak heart sounds, arterial hypoten- 
sion. On necropsy the heart capilla- 
ries have been found full of malarial 
parasites.^® 

In advanced cases of malaria or anky- 
lostomiasis heart failure can result, as 
has been observed by many authors 
with experience in severe anemias. In 
such cases the red blood cells amount 
only to 1 or 2 millions, sometimes 
around 500,000 per cu. mm. The hemo- 
globin is commonly only 30 or even 10% 
of the normal. The heart is enlarged 
and a gallop rhythm is present; apical 
systolic murmurs are frequent and even 
aortic diastolic murmurs can be heard. 

The pathologic anatomy of the heart 
in fatal anl^lostomiasis has been 
described by Calmette and Breton^ as 
follows: “Within the pericardial cavity 
an abnormal quantity of fluid, some- 
times slightly hemorrhagic, is found. 
The heart is flaccid, dilated, the walls 
of the ventricles are thin and show 
fatty degeneration. The right cavities 
as well as the left in certain cases, are 
full of fibrinous clots. Occasionally clots 
are also found in the cranial sinuses. 
^Ve believe that the tendency towards 
nhlebotbrombosis that has been 
observed®^ among ankylostomiatics is 
due at least to a great extent to relative 
immobilitj'. Sudden death due to mas- 
si\'e pulmonary embolism, or to several 
small emboli followed by pleuro- 
pulmonary complications is not in- 
frequent.i= It seems quite possible that 
they impose a burden on a heart 
already strained by the anemia and 


nutritional deficiencies. The often fatal 
cardio-pulmonary syndrome of the 
ankylostomiatic can thus be integrated. 
Its prophylactic treatment, by correct- 
ing incipient heart failure and prescrib- 
ing slight excercise, might decrease 
somewhat the high mortality due to 
hookworm infection in the tropics. 

Chagas’ disease® generally starts by 
the sting of an insect of the Triatoma 
species, especially in the face, or by 
contamination with its excreta^ which 
introduces the trypanosomes into the 
circulation. The initial sign is cuta- 
neous, frequently a unilateral palpebral 
edema with dacryoadenitis and second- 
ary adenopathy called the opthalmo- 
ganglional complex, which neverthe- 
less is not pathognomonic. The cardiac 
evolution of the acute cases is manifest- 
ed above all by a sinus tachycardia 
not related to the temperature, gener- 
ally moderate and unstable, with a 
certain predilection for occasional pre- 
mature contractions. In some cases the 
radiography reveals a slight or moder- 
ate increase of the cardiac silhouette. 
The electrocardiogram shows changes 
in the shape of the waves, especially 
the T wave and the ST segment. The 
anatomo-pathological study of the heart 
shows intense proliferation of histio- 
cytes, infiltration of leukocytes and 
lesions of the muscular fibers, atrophy 
or fatty degeneration. The trypano- 
some, in the form of leishmania, can be 
seen in the myocardium. Lesions of the 
valvular endocardium are not known to 
e.\ist. 

This trypanosomiasis has been de- 
scribed in Costa Rica since 1941®® and 
several cases have been well studied.® 
When the disease enters a chronic 
stage due to reinfection or to evolution 
of the organisms inside the body, a 
chronic cardiopathy can conceivably 
e.xist; but we have no experience on 
such cases. Usually it is the picture of 
myocardial fibrosis, the etiological diag- 
nosis of which is based upon a specific 
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complement fixation reaction. Neither 
do we have experience with other 
diseases which may be seen in the 
tropics' and be complicated by myo- 
carditis, such as typhus fever, yellow 
fever, echinococcus disease, infestation 
with other parasites and so on. 

To the observer in the tropics, the 
accidents produced by the bites of 
venomous snakes are impressive and 
well described in medical litera- 
ture.i-25.27 Well known are the weak- 
ness of the heart during the envenima- 
tion and the production of cardiac 
lesions.25 As it seems that serial electro- 
cardiography has not been carried out 
in the course of such poisoning, we 
shall now speak of our opportunity to 
study 11 subjects on whom 25 electro- 
cardiograms' were taken. 

Our snakes belong to the Bothrops 
species, which predominate in Central 
and South America.^^ Statistics'* show 
.that some 23 snake bites per 100,000 
inhabitants happen annually in Central 
America. In 8,000 autopsies which we 
surveyed only 10 cases were found of 
death due to snake bite, and the snakes 
involved were practically always 
Bothrops atrox or Bothrops schlegelii. 
The most important finding in these 
patients consists of multiple hemor- 
rhages. In the cases reported by us*^ 
these occurred frequently in the gastro- 
intestinal tract and in the brain as well 
as in the renal pelvis. In one patient, 
aged 67, a cardiac dilatation was noted, 
but the most common lesions in the 
heart were sub-endocardial and sub- 
epicardial petechial hemorrhages which 
were prominent in 3 cases. Pulmonary 
congestion and edema were mentioned 
in 5 autopsies. 

Cardiac alterations would be due to 
the action of cytolysins,^'^ but the heart 
is also affected by disturbance of its 
nervous equilibrium or of its internal 
medium (homeostasis), eflFects which 
are not infrequent in the complex 
action of venoms. Houssay and 


Mazzocco*'^ showed that muscle treated 
by dilutions of snake poison has an 
abnormal permeability characterized 
by loss of certain elements such as 
phosphorus and, even more, potassium. 
This liberation of potassium recalls that 
of hemoglobin; that is, there is analogy 
between the action on the muscle and 
the hemolysis of red cells. This parallel- 
ism is interesting in considering the 
interpretation of the electrocardiogram, 
because today we know that this record 
in man can be modified in accord with 
the level of potassemia. 

From the evidence gathered,*^ it can 
be concluded that in cases of snake bite 
associated with toxic phenomena the 
electrocardiographic pattern is the same 
in every case and consists of T waves of 
relative low amplitude and rounded 
apex, in one or more leads, and slight 
depression of the ST junction in pre- 
cordial lead CR5 with prolonged QT. 
When the snake bite is not followed by 
toxic symptoms, these modifications are 
non-existent or very slight but of the 
same nature. 

Summary. This article deals with a 
study of cardio-vascular disease made 
in the Republic of Costa Rica, based 
upon the analysis of 8,000 autopsies. 

A mortality rate of 9.6% attributable 
to this cause was found. The sclerotic 
form of heart disease, including the so- 
called cardio-renals, amounted to 46.1% 
of the cardio-vascular deaths'. Rheu- 
matic heart disease contributed 20%, 
including aortic valve calcific disease. 
Syphilitic heart disease gave a rate of 
19.1% when negroes are included, and 
only 13%, excluding this race. Cardio- 
pulmonary heart disease amounted to 
5.0%. In the group of rarer causes are 
mentioned affections due to malnutri- 
tion, ankylostomiasis and snake venoms. 

We stress the rarity of myocardial 
infarct ( 0.2% of the total autopsies ) and 
of sub-acute bacterial endocardifa's. In 
explanation, factors of nutrition and 
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the mode of living of those people who 
attend hospitals are pointed out. 

The climate of the tropies influences 
certain aspects of cardiological practice. 
To bring this out, reference is made to 
the climatology of Costa Rica and the 
relation of climate to parasitic diseases 
affecting the heart, in particular 
malaria, ankylostomiasis and Chagas’ 
disease. In regard to ankylostomiasis 
we define the cardio-pulmonary syn- 
drome which marks in some cases the 


end of this helminthiasis. 

The effect of poisonous snake bite on 
serial electrocardiograms was studied. 
In the most serious cases a pattern 
which consists of T waves of relative 
low amphtude and rounded apex in 
one or more leads with a shght depres- 
sion of the ST junction in precordial 
Lead CR5 and prolonged QT interval 
was discovered. It is suggested that 
these anomahes might be due to hypo- 
potassemia. 
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Although thiourea was one of the 
first anti-thyroid drugs employed clini- 
cally, it was soon superseded by other 
compounds. Its early decline in popu- 
larity may be attributed both to its 
supposed low potency as indicated by 
animal assay, along with a high inci- 
dence of side reactions in the dosage 
originally employed (1 to 2 gm. daily). 


The data, herein presented, were ac- 
cumulated in order to compare the 
clinical usefulness of thiourea in small 
doses with that of propylthiouracil. 

Patients consisted both of staff cases 
and private patients followed by mem- 
bers of the staff. In keeping with the 
practice of Danowski, iodine was given 
along with the thiourea in almost all 



TABLE 

l.-THERAPEUTIC RESULTS 




Average 

Average 

Patients 

Number 

Number 


daily 

time for 

requiring 

showing 

of cases 


dose 

complete 

greater 

overdosage 

receiving 


(grams) 

control 

dose for 

effects 

this dose 


(weeks)® 

controlf 


anytime 

Propylthiouracil 

0.1 

5.0(7) 

19% (7) 

0 

19 

(38 cases) 

0.2 

3.7 (14) 

8% (3) 

0 

22 


0.3 

4.0 (2) 

3%(1) 

0 

4 

Thiourea 

0.1 

10.0 (1) 

12% (5) 

2 

10 

(41 cases) 

0.2 

4.7 (8) 

5% (2) 

2 

20 


0.3 

5.5 (24) 

0 (0) 

1 

27 


“ This average was obtained only from those patients who responded to' an initial dose of tlie stated magnitude. 
The number of cases is in parenthesis. 

t Percentages are in terms of total series. These patients were evaluated 3 to 8 months after initiation of the 
stated dose. Also are included those who relapsed when previous higher doses were reduced to this level. In 
parenthesis are number of cases not controlled at this dose. 


Danowski and co-workers, however, 
have found the compound to be a very 
effective and non-to.\ic drug when given 
in doses of 0.025 to 0.3 gm. daily.^’®’^® 
Moreover, Astwood has recently shown 
that in tlie human subject thiourea is 
actually somewhat more potent than 
propyltliiouracil in its capacity to in- 
liibit the s)mthesis of thyroid hormone,^^ 

“ Present address: Endicott, N.Y. 


instances (15 min. Lugol’s sol. daily). 
A minority of patients on propylthiou- 
racil received iodine. It is the conten- 
tion of Danowski’s group that iodine 
enhances the therapeutic response of 
the drug. Others believe that Aere is a 
shght impairment in rate of improve- 
ment,"^ or no significant difference.® The 
present study does not provide evi- 


( 627 ) 
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dence on this point, except that iodine 
most certainly did not prevent a posi- 
tive response to either drug. 

Efficacy of the Drugs. Table 1 sum- 
marizes the therapeutic results. No pa- 
tients were included in this tabulation 
who did not have perfectly typical 
hyperthyroidism, or who were not fol- 
lowed carefully enough to assess tlier- 
apy. Complete control is defined as 
restitution of metabolic rate and pulse 
to normal, along with distinct weight 
gain and subsidence of subjective 
symptoms. 

The data suggest that a dose of 0.2 
or 0.3 gm. daily of either drug results 
in more rapid improvement than 0.1 
gm. There is no doubt, however, that 
thiourea is effective in doses as low as 
0.1 gm. daily. This dose in some in- 


patient getting 0.2 gm. propylthiouracil 
and one on 0.3 gm. thiourea plus Lu- 
gol’s showed a distinct increase in the 
size of the thyroid, and the gland also 
became softer in consistency. In the 
latter instance, the enlargement was 2 
or 3 fold and a bruit appeared. Regres- 
sion followed cessation of treatment. 
The remaining patients of the com- 
bined series showed no apparent 
changes in the gross size of the thyroid. 

Exophthalmos, if present, was meas- 
ured in most instances and was not con- 
sistently altered to any great extent in 
either direction by treatment. 

Toxicity. In Table 2 “proved reac- 
tion” denotes that reduphcation of 
the effect was readily obtained by 
readministration of the drug. A “pos- 
sible reaction” is one which occurred 


TABLE 2.-NUMBER OF CASES SHOWING TOXIC REACTIONS 




Nausea 

Fever 

Rash 

Leukopenia 

Agranulocytosis 

Total 

Cases 

Propylthiouracil 

Proved 

0 

1 

0 

0 

0 

1 

(51 cases) 

Possible 

1 

0 

0 

1 

0 

2 

Thiourea 

Proved 

1 

3* 

!• 

0 

0 

4 

(49 cases) Possible 

® One case had both fever and rash. 

2 

1 • 

1 

0 

0 

4 


stances is actually too high for contin- 
ual maintenance. The figures on over- 
dosage are not susceptible to statistical 
comparison because one always at- 
tempts to forestall overdosage by re- 
duction of intake to the minimum 
which is required. One patient was not 
completely controlled on 0.3 gm. pro- 
pylthiouracil and, in general, the dose 
required for complete control averaged 
somewhat higher than with thiourea. 
It will not be justified, with the data 
at hand, to attempt any precise com- 
parison of potencies of the 2 drugs; 
however, it is fair to conclude that their 
clinical efficacy is of similar magnitude. 

In 4 cases receiving 0.1 gm. to 0.2 
gm. propylthiouracil and 2 cases re- 
ceiving 0.2 to 0.3 gm. thiourea plus 
Lugol’s solution, the gland became 
slightly but measurably smaller, but one 


during treatment and promptly disap- 
peared upon withdrawal’ of the drug, 
but following which no subsequent test 
dose was given. Neither drug produced 
agranulocytosis or any other dangerous 
complication. Side effects, such as 
fever, rash, and nausea were consider- 
ably more common with thiourea. 
Three instances of proved fever due 
to the latter drug (0.3 gm. daily) oc- 
curred after 10, 14, and 14 days re- 
spectively. The case of fever classed as 
“possible” was encountered after 9 days 
on this same dose and the “possible" 
rash occurred after a similar interval 
on 0.2 gm. daily. Nausea, which was 
seen mainly with thiourea (0.2 to 0.3 
gm. ) appeared immediately after treat- 
ment was started and necessitated dis- 
continuance of the drug. 

It should be mentioned that 2 of the 
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patients who had received thiourea 
( 0.2 gm. ) and iodine for several months 
developed unexplained fever, swoUen, 
painful joints, and myalgia which per- 
sisted for 14 to 21 days after the drug 
was stopped, but no fever could be 
induced later by test doses of either 
the drug or iodine. Another patient 
showed non-thrombocytopenic purpura, 
which was not afiEected by discontinu- 
ance or resumption of 0.2 gm. daily at 
intervals of several weeks. The drug 
was then discontinued, however, and 
eventually the purpura cleared with no 
recurrence after more than a year. It 
is impossible to say whether these 3 
cases represent unusual toxic reactions. 

The single febrile episode due to pro- 


rate of 77%. The 6 cases which did not 
relapse have been followed from 6 
months to over 3 years. One does not 
find in the present data any correlation 
of relapse rate with age, size of gland, 
duration of treatment, severity of dis- 
ease, or the type of gland (Table 3). 
The suggestion of less frequent relapse 
in cases of short duration is not statis- 
tically significant. In addition to a com- 
parison of averages as recorded other 
statistical evaluation hkewise showed 
no positive relationships. When re- 
lapse occurred it was clearly evident 
within an interval of 2 to 8 weeks. 

Preparation for Smgery. Twenty- 
three patients were operated on after 
being treated with drug. Fifteen were 


TABLE S.-ANALYSIS OF REMISSION AND RELAPSE 




AVERAGES 



Pts. relapsing 

Pts. not relapsing 

Age 


49 

42 

Size of Gland 


“1.8 plus” 

“1.6 plus” 

Duration Disease 


9 mo. ± 1.2® 

6 mo. ± 1.3® 

Duration Treatment 


8 mo. 

9 mo. 

Percent of group with nodular gland 

35 % 

33S 

Percentage distribution 

Mild 

20 % 

17% 

according to severity 

Moderate 

40 % 

33% 

of disease 

Fairly Severe 

25 % 

33% 


Severe 

15 % 

17% 

° St.E.— Standard Error 





pylthiouracil appeared after 9 months 
of medication (0.1 gm. daily). Fever 
was reproduced on 4 subsequent oc- 
casions by 50 mg. of the drug. The case 
of leukopenia is classed as a possible 
reaction because of a white count of 
3600, polymorphonuclear leukocytes 
33%, anorexia, dizziness, and headache 
15 days after 100 mg. daily was started. 
All findings were normal 2 days after 
stopping the drug. The instance of nau- 
sea with propylthiouracil occurred im- 
mediately after starting 0.2 daily on two 
occasions. One tenth gram daily was 
tolerated with very little nausea. 

Relapse After Discontinuance of 
Drug. Of 27 cases controlled by drug 
for 3 months to 2 years and later with- 
held from treatment, 21 relapsed, a 


judged to be completely controlled pre- 
operatively, and this group had a post- 
operative course which was considered 
very smooth in every case. The remain- 
ing 8 patients were not brought under 
complete control before operation. Four 
experienced a rise in temperature and 
pulse judged to be excessive. Two of 
these were treated as mild storm and 
recovered. A third did not have a thy- 
roidectomy, but died in typical storm 
after hysterectomy. She is included to 
illustrate tire hazard of storm after the 
stress of surgery in incompletely con- 
trolled patients. It is clear from these 
e.xperiences that there is no magic in 
preoperative preparation with anti-thy- 
roid drugs unless adequate doses are 
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given for sufBcient time to insure com- 
plete remission. 

Table 4 summarizes difficulties en- 
countered with excessive bleeding and 
friability at operation, along with an 
appraisal of the histological state as 
judged by the pathologist. As would be 
expected, iodine given with or after 
the drug reduced the incidence of ex- 
cessive hyperplasia, although involution 
has frequently been incomplete. It may 
be noted that in 10 cases receiving 
iodine alone, which are included for 
comparison, involution, even here was 
by no means complete. In general, the 
histological state of the gland after 
iodine plus drug was not materially 
different from that after iodine alone. 

Comments. The above observations 
confirm the effectiveness of thiourea in 


inferior to propylthiouracil in its higher 
incidence of side reactions, although 
major complications, such as agranu- 
locytosis, have not as yet been met with 
during use of thiourea. 

The reported frequency of relapse 
after termination of drug therapy va- 
ries from 33 to The over-all 

average in 225 reported cases, includ- 
ing the present series, is 55%. The pres- 
ent data do not bear out the impres- 
sions of others that relapse is less fre- 
quent in the presence of a small gland 
or in mild cases of the disease.^-^"'^® 

Summary. 1. Most patients given 
thiourea were controlled by doses of 
0.1 to 0.3 daily. Side reactions, chiefly 
fever, occurred in 16% of cases; no 
dangerous toxicity was encountered. 

2. In 51 cases treated with propyl- 
thiouracil there was 1 instance of fever, 


TABLE 4.-ANATOMICAL CONDITION OF THYROID GLAND 

NUMBER OF CASES 


Drug alone 

Total 

7 

Technical 

operative 

difficulty 

4 

Drug plus iodine 
or followed by iodine 

15 

1 

Iodine alone 

10 

1 


low dosage. The incidence of side reac- 
tions was, however, higher than re- 
ported by the New Haven group who 
encountered only 2 cases of fever in 
120 treated cases.® The low toxicity of 
proju Ithiouracil is in agreement with 
the experience of others.^-®'®'^^-^^ The 
present series, combined \vith cases ob- 
tained from the literature, gives an 
over-all incidence of proved or sus- 
pected side reactions of 270 in 960 
cases, and only one case of agranulocy- 
tosis was seen in the combined series. 
It may be concluded that thiourea is 



Evenly 


Gland 

muted 


predominantly 

hyperplasia & 

Predominantly 

hyperplastic 

involution 

involution 

4 

1 

2 

4 

5 

6 

5 

3 

4 


1 of mild leukopenia, and 1 of nausea. 
Complete control of thyrotoxicosis oc- 
casionally required doses in excess of 
0.3 gm. daily. 

3. Iodine given with an antithyroid 
drug did not interfere with its efficacy 
and produced an involution of the 
gland similar to that seen after iodine 
alone. 

4. Relapse rate in 27 cases after with- 
drawal of drug was 77%. No factors 
were discovered which allowed predic- 
tion of a sustained remission in a given 
patient. 


We are grateful to those members of the sbiff who have furnished data on private patients 
for inclusion in this study. We are also indebted to Dr. Stanton M. Hardy of Lederle Labora- 
tories and Dr. L. E. Josselyn of Abbott Research Laboratories for supplying the propyl- 
tliiouracil which was used during the early part of the study. 
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(From the Department of Roentgenology, University Hospital, University of Michigan) 


The roentgen therapy of tuberculous 
adenopathy, especially the cervical 
form, is a well established procedure 
within radiology, although it is some- 
what less known as an efBcacious treat- 
ment in the various branches of the 
medical profession which are the source 
of the radiologist’s patients. Although 
reports on the excellent results secured 
by this form of therapy have appeared 
periodically in the radiological and 
other medical literature, the present 
time seems appropriate to reafllrm sev- 
eral points in connection with the treat- 
ment of this disease as well as to pre- 
sent the advantages and results of a 
concentrated technique of irradiation. 
The introduction of streptomycin as 
treatment for tuberculous involvement 
in various parts of the body raises the 
question as to the present status of 
roentgen treatment of tuberculous 
adenopathy. The purposes of this re- 
port are; (1) to re-emphasize the high 
quality of results secured by roentgen 
therapy, (2) to point out the advan- 
tages in time and convenience of our 
particular plan of treatment, and (3) 
to contrast the results of roentgen ther- 
apy with streptomycin in the treatment 
of the tuberculous adenopathy. 

Study has been limited to cases of 
cervical tuberculous lymphadenitis, 
since tliis group is numerically large 
enough to furnish a satisfactory basis 
for analvsis, although tuberculous aden- 
( 632 ) 


itis in other parts of the body, notably 
the inguinal and axillary areas, is treat- 
ed by us and known to respond to 
irradiation. During the period 1939- 
1947, 42 cases of cervical tuberculous 
lymphadenitis were accepted for treat- 
ment in the Therapy Division of the 
Department of Roentgenology, Uni- 
versity of Michigan Hospital. Of these 
42 cases, treatment was completed and 
follow-up was considered adequate in 
37 cases and these form the basis of 
our study. 

Diagnosis was confirmed by patho- 
logical or bacteriological material in 30 
cases (80% of the series). The remain- 
ing 7 cases presented clinically charac- 
teristic features of tuberculous adeno- 
pathy, 3 having radiographic evidence 
of active or quiescent pulmonary tuber- 
culosis and 1 having calcium in cervical 
nodes. Another patient had a life-long 
history of repeated suppuration and 
breakdown of cervical lymph nodes 
and in infancy and chil&ood drank 
milk from cows which were later or- 
dered slaughtered because of tubercu- 
lous infection. In 2 cases such corrobo- 
ratory evidence was lacking but the 
cliniciil course and response in every 
way justified the chnical impression. 
It must be emphasized that bacterio- 
logical or pathological proof of the 
clim'cal diagnosis should be diligently 
sought after in every case since con- 
fusion with non-specific cervical lymph- 
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adenitis, various other infections of the 
cervical nodes, thyroglossal or branch- 
ial cleft cysts, lymphoblastoma, or 
metastatic carcinoma can otherwise 
easily result. 

Roentgen tlierapij used. The technique of 
treatment in these cases consists in using radi- 
ation generated at 200 kilovolts, filtered with 
0.5 mm. copper and 1.0 mm. aluminum (half- 
value layer 0.9 mm. copper) at a target-skin 
distance of 50 cm. and at a rate of about 50 
r per minute. Fields are large enough to in- 
clude the obviously diseased nodes as well as 
the regional group and have varied from 
8 X 10 cm. up to 15 x 15 cm. Treatment is 
given daily, 200 r (measured in air) to one 
neld, for 4 or 5 days. In the case of children 
or debilitated adults 100 to 150 r to one field 
is given. Usually total dosage is 800 to 1000 r 
per field and at completion the patient is 
asked to return in 2 to 3 months. An occa- 
sional patient is given a second course at 
tliat time. If good regression does not follow 
the second course, the response is considered 
unsatisfactory and further irradiation is not 
given. 

The reactions ensuing from this 
method of irradiation are insignificant. 
Slight soreness in the throat may ap- 
pear but is transient. The acute reac- 
tion in the skin is essentially negligible. 
No late cutaneous damage has been 
seen even when 2 courses were given. 
Even radiation pigmentation is mini- 
mal or, more often, absent. 

The experiment of employing a radi- 
ation technique concentrated in respect 
to time as opposed to the traditional 
protracted method was motivated by 
the practical inconvenience of the lat- 
ter and an undesirable incidence of 
definite (sometimes severe) radiation 
damage of the skin. Multiple intermit- 
tent irradiations over a protracted per- 
iod may produce significant to severe 
radiation changes while larger doses 
( witliin certain limits ) given in a short 
time and never repeated will result in 
lesser degrees of permanent tissue 
change. It is of interest that in the 
cases reported here there is only one 
in which evidence exists to suggest 
suppuration induced by irradiation. In 
this patient with a small solitary lymph 


node of 1 to 2 weeks duration, it was 
reported to us tliat the node became 
fluctuant 1 month after treatment and 
that aspiration was performed with 
subsequent regression of the adenopa- 
diy. It is an open question whether 
the suppuration in this case was the 
result of irradiation or spontaneous. 
Suppuration did not follow treatment 
in any of the otlier patients, many of 
whom had bulky masses of involved 
nodes. 

Results were classified as satisfactory 
or unsatisfactory. Intermediate grades 
of improvement less than complete re- 
gression have all been grouped together 
as unsatisfactory since it was felt that 
anything less than complete regression 
is unsatisfactory when dealing with a 
chronic disease which is subject to re- 
gression over a long period of time 
even when untreated. On this basis of 
evaluation we have had complete re- 
gression in 31 cases (84% of the pa- 
tients studied). Six patients (16%) were, 
thought to show unsatisfactory response 
although there was some improvement 
in several after either one or two courses 
of treatment. Of the 31 patients show- 
ing complete regression, 23 had da'ain- 
ing sinuses present at the inception of 
therapy, some of these sinuses having 
developed following biopsy or drainage 
of fluctuant masses. In the 6 cases 
where response was unsatisfactory, 
diere were 4 with draining sinuses. 
From this it appears that the presence 
of draining sinuses has no particularly 
adverse effect on the' results of radia- 
tion therapy. Conservative surgical pro- 
cedures are advantageously combined 
with irradiation. Fluctuant masses on 
the verge of breakdown may be as- 
pirated, if possible, or incised for diag- 
nostic or therapeutic reasons. Radical 
neck gland dissections should play no 
part in tlie modern management of 
tuberculous adenopathy and can usu- 
ally be avoided.^ 

Examination of our data shows that 
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tliere was a wide range of duration of 
the nodes prior to roentgen therapy, 
from several weeks to many years. In 
the 31 cases with satisfactory results, 
in about 26% the adenopathy had been 
present for 6 weeks or less, compared 
to approximately 40% in the small 
group of 6 cases with poor response to 
treatment. For the first group, 52% had 
nodes for 6 months or less, and 71% for 

1 year or less; the respective figures for 
the second group are 60% and 66%. 
The differences of duration prior to 
treatment, in those cases responding 
well to irradiation and those ffiat did 
not, cannot be deemed significant. 

It is difficult to estimate the time in 
which regression of the diseased lymph 
nodes takes place. Because they have 
no further trouble, many patients do 
not return at the requested interval of 

2 months. Some are seen only at later 
dates because other clinics in the hos- 
pital to which the patient applies for 
•treatment of unrelated conditions 
months or years later refer them to us. 
Often a statement in the patient’s rec- 
ord to the effect that no evidence of 
cervical adenopathy is found at the 
present date must be interpreted as 
complete regression but gives no indi- 
cation of the time of clearing in rela- 
tion to the treatment. Conversely, the 
patients with incomplete regression are 
those who are likely to return at the 
specified intervals for check-up. One 
can therefore only form an impression 
as to the time in which regression can 
be e.xpected to take place; our impres- 
sion is that when response is satisfac- 
tory, it is also early. In such cases, it 
is noted that regression begins in 2 to 
4 weeks after completion of treatment. 
A minority of cases will diminish per- 
ceptibly but incompletely and continue 
their regression slowly after the second 
course. 

In 1 patient in whom the follow-up 
course now extends over 5 years, com- 
plete regression ensued shortly after a 


course of irradiation. Three years later 
the appearance of enlarging nodes with 
abscess formation in the treated area 
brought the patient to another radi- 
ologist who was able to produce a 
prompt regression again. Two years 
following the second course the patient 
remains asymptomatic. This patient is 
an exceptional case and far from typ- 
ical. Even though our follow-up in 
many cases extends over a 4 or 5 year 
period we have found that when ex- 
acerbation occurs it usually takes place 
early. Late exacerbation is so unusual 
that it raises the question as to whether 
it really is exacerbation or involvement 
of adjacent untreated areas. The latter 
situation can be expected to occur in a 
few cases where the extent of the dis- 
ease is not apparent or misjudged at 
the time of treatment. This source of 
error will be minimized if careful ex- 
amination is carried out in order to 
locate the fields of treatment correctly. 

A review of the recent literature re- 
veals a favorable comparison of the 
results secured by our plan of treat- 
ment witli the best results secured else- 
where. Generally, plans of treatment 
elsewhere are extended over a period 
of a month to a year with total dosage 
per field as low as 450 r and as high 
as 1500 r per field, individual treat- 
ments of the series being given at in- 
tervals of a week to a month. The 
reason usually stated for such protrac- 
tion of the treatment is that the chro- 
nicity of the disease and the experience 
of other observers requires such an ap- 
proach as the best and safest treatment. 
For e.xample, Hauser- secured satisfac- 
tory (50 to 100% regression during 
treatment or within a few months fol- 
lowing) results in 88% of his series of 
cases with tuberculous cervical adem'tis 
by treating at intervals of 10 days for 
a period of 100 days. These results are 
among the best reported and agree 
closely with our o\vn. However, we ac- 
complish this result by treatment on 4 



LAMPE, CHREST, KOCH: CERVICAL TUBERCULOUS LYMPHADENITIS 


635 


or 5 successive days, in exceptional 
cases giving a second course 2 months 
later. This represents an important ad- 
vantage to the patient in time and con- 
venience and he is more likely to com- 
plete the course of treatment than if it 
is extended over months. Treatment 
may be given on an out-patient basis, 
in which case time lost from work or 
studies is at a minimum. In our series, 
only 7 of the 31 cases (22%) classified 
as showing complete regression re- 
quired a second course of treatment 
over a specified area. By definition, the 
patients with incomplete regression or 
unsatisfactory response have all had 
more than one course of roentgen 
therapy. 

The availability of streptomycin has 
led to its increasing use in treatment of 
various forms of tuberculous involve- 
ment, including tuberculous adenopa- 
thy. Our experience with streptomycin- 
treated tuberculous adenitis is limited, 
as in this institution nearly all such 
cases are treated by irradiation. To 
meet the third purpose of this study, 
therefore, we have relied chiefly on the 
recent reports^’"* of the Council on 
Pharmacy and Chemistry of the Amer- 
ican Medical Association. The Sub- 
Committee on Streptomycin assembled 
the observations on the use of this drug 
from widely scattered medical centers 
and their conclusions probably reflect 
the most authoritative and recent 
thinking on the use of specific therapy 
in tuberculosis and its complications. 
They found that the effects of strepto- 
mycin therapy on tuberculous sinuses 
have been sufBciently uniform to es- 
tablish its usefulness. The underlying 
lesions in tliese cases were in bone, car- 
tilage or lymph nodes. “A number of 
these patients have also had one or 
more groups of fiim, non-caseating 
lymph nodes. The effect of streptomy- 
cin on these nodes has been variable. 
In some instances a definite and prompt 
reduction in size occurred, while in 


others there has been little or no 
change. There is no obvious reason for 
the disparity in these results,” 

In view of the toxicity of streptomy- 
cin, careful laboratory supervision and 
hospitalization are recommended dur- 
ing the course of treatment, which ex- 
tends from 90 to 120 days. Anything 
less than a complete course is unjusti- 
fied. The advantage of radiation ther- 
apy is obvious even if from this point 
of view alone. Results of treatment 
with radiation lend additional support 
to our belief that streptomycin therapy 
might best be reserved for the 15 to 
20% of cases which are resistant to ade- 
quate treatment by roentgen therapy. 

The indiscriminate use of streptomy- 
cin introduces the real danger of cre- 
ating streptomycin-resistant tubercle 
bacilli. Such a risk is, of course, to be 
accepted in those forms of tuberculosis 
which carry a serious prognosis and for 
which no other adequate means of 
therapy exist. In cases of tuberculous 
adenopathy, where so often the disease 
is of limited extent and the results of 
irradiation may be so good, the pos- 
sibility of producing streptomycin- 
resistant organisms should be avoided. 

The report of the Sub-Committee on 
Streptomycin contains this carefully 
worded statement which is made with- 
out reference to radiation therapy but 
which must be interpreted as being 
especially significant in view of the 
excellent results secured by the radi- 
ologist in the treatment of cervical 
tuberculous lymphadenitis. “For the 
present, streptomycin should not be 
used in the treatment of minimal pul- 
monary tuberculosis or other lesions 
that may be expected to clear on older 
and accepted forms of therapy” 

Summary. Thirty-seven cases of cer- 
vical tuberculous adenitis treated by 
roentgen therapy and conservative 
surgical procedures and having ade- 
quate treatment and follow-up have 
been renewed. 
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Complete regression of the diseased 
nodes and healing of sinuses occurred 
in 84% of the cases; in about 20% of 
these, a second course of irradiation 
was necessary to achieve this result. 
If the patient did not respond properly 
to the second course of roentgen ther- 
apy, no more irradiation was given. 
This latter group of cases, showing in- 
complete regression or an unsatisfactory 
result, comprises 16% of our series. 

These results were secured by a plan 
of treatment e.\'tendmg over a period 
of 4 to 5 days in contrast with plans of 
treatment used in other clinics which 


call for protraction over a period of 
several weeks, months, or even a year. 
The advantages in time and conveni- 
ence of our plan of treatment are obvi- 
ous and results are comparable to the 
best reported in the literature. 

For the present, at least, radiation 
therapy must be regarded as superior 
to streptomycin in the management of 
cervical tuberculous adenopathy. Strep- 
tomycin might best be reserved for use 
in the 15 to 20% of all cases where irra- 
diation does not cause complete re- 
gression. 
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Many attempts have been made in ever, is usually within the normal range 
the past to demonstrate the presence of in this state. The ratio between glome- 
circulating vasoconstrictor or pressor rular filtration and the total renal 
substances in the blood of hypertensive blood flow is increased. In most cases 
individuals. As early as 1911 Broking of well established hypertension, there 
and Trendelenburg^, using frogs, found is present a diminution in the renal 
no greater vasoconstrictor activity in blood plasma flow and an increase in 
blood from hypertensive patients than the filtration fraction. Other changes 
in that from normal subjects. Likewise occur; the ma.ximal tubular excretory 
in that yeai', Stewart^- did not find capacity and the maximal tubular re- 
pressor effects in dogs injected with absorption may be reduced. Again, 
small amounts of serum from hyper- usually in the later stages of the dis- 
tensive! patients. More recent investi- ease, the glomerular filtration rate is 
gations, consisting of direct transfus- reduced.® 

ions of hypertensive blood from man The experiments here reported were 
to man by Host,® failed to show pres- made in an effort to demonstrate pres- 
sor activity. Pickering^ and Prinzmetal, sor or vasoconstrictor substances in the 
Friedman, and RosentliaP did not find blood of patients with hypertension by 
any elevation in blood pressure when using the kidneys of hypertensive indi- 
they transfused blood from patients viduals as test objects. It was thought 
with malignant hypertension into pa- that transfusion of blood containing 
tients with a normal circulatory system, pressor substances by bringing about 
even when as much as 2000 cc. of efferent arteriolar constriction might 
blood was given. produce in such individuals a transitory 

The progressive changes in renal fall in renal blood flow and elevation 
function and renal hemodynamics, as- of the filtration fraction over the pre- 
sociated with hypertensive disease in transfusion values, whereas such 
man are heralded in early stages by a changes might not occur follovnng 
reduction in effective renal blood flow, transfusion of normotensive blood. 

The rate of glomenilar filtration, how- Arterial rather than venous blood 

* National Institute of Hc.allli Postdoctorate Research Fellow. 

Research Fellow in Met.abolism, Dcir.irtment of Internal Medicine, W.oshington Universit}-. 
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was used because of the possibility that 
destruction or inactivation of vasocon- 
strictor or pressor substances might 
occur during their passage through 
various arteriolar beds. In some experi- 
ments recipients with markedly im- 
paired renal function were studied be- 
cause of the possibility that the tissues 
of such patients might inactivate pres- 
sor substances more slowly than diose 
of normal subjects. 

Methods. Six hypertensive patients were 
each made the recipients of a transfusion of 
arterial blood from a normotensive donor and 
from a donor rvith hypertension. In 1 pa- 
tient, H. C., normotensive venous blood was 
also transfused. Of the 6 hypertensive recipi- 
ents the renal status of 1 was e.xcellent, that 
of 1 was good, while those of 4 were poor, 
as evidenced by the clearance of mannitol 
and para-amino hippurate as well as other 
renal function studies. In the latter 4 cases 
there was nitrogen retention. 

Suitable donors were typed, their Rh status 
determined, and their blood cross-matched 
with that of the recipient rvithin 24 hours 
preceding the transfusion. Recipients and 
donors were in the fasting state at the time 
of the procedure. The glomerular filtration 
rate and the renal plasma flow were deter- 
mined by measuring the plasma mannitol and 
para-amino hippurate (PAH) clearances, re- 
spectively. The clearance periods were usu- 
ally of 20 minutes duration, but were some- 
times longer during those periods when blood 
was being transfused. 

In the first experiment, 75 cc. of 2% citrate 
solution was added to the infusion solution 
during the 2 pre-transfusion periods as a 
control; this practice was abandoned in later 
experiments. Toward the end of the second 
clearance period, arterial blood was collected 
from the brachial artery of the donor over the 
course of 15 to 30 minutes into a flask con- 
taining 75 cc. of citrate solution to prevent 
clotting. This arterial blood was substituted 
for a veiy slow intravenous infusion of 0.9 
gm. ‘c NaCl which was introduced during 
the first 2 periods. The other intravenous in- 
fusion, containing mannitol and sodium para- 
amino hippurate in approximately 0.73 solu- 
tion of XaCl, was maintained at the same rate 
(4 cc. per minute) as in the preceding pe- 
riods. Cle.arance measurements were then 
continued during 2 periods while the blood 
w.LS transfused. Two hundred to 450 cc. of 
blood w.rs introduced in 30 to 60 minutes. 
Subscfjiicntly, observations were made during 


2 additional periods (Numbers 5 and 6). 
In some e.xperiments the blood was replaced 
by 0.9% NaCl during periods of 5 and 6, the 
rate of flow being 4 cc. per minute; in other 
experiments this infusion was discontinued 
after period 4. An indwelling urethral cathe- 
ter was used to facilitate collection of urine. 
Twenty cc. of distilled water and 20 to 50 cc. 
of air were introduced to insure complete 
evacuation of the bladder. Blood pressure 
readings were taken throughout the procedure 
by the auscultatory method except during one 
experiment when no observations were made. 
One group of experiments was done to follow 
specifically the effect upon blood pressure 
when blood was transfused into a hyperten- 
sive individual with renal insufficiency. Meas- 
urements of renal clearance were omitted in 
this experiment. No elevation in temperature 
occurred after any transfusion, nor were there 
other signs of unfavorable reactions. 

The experiments were carried out under as 
similar conditions as possible in order to mini- 
mize physical or psychological influences. The 
same environment was used for aU patients. 
The procedure was explained to the patient 
as an evaluation of the function of ms kid- 
neys. In a given recipient, e.xactly the same 
details of e.xperimental procedures were fol- 
lowed using blood from a hypertensive donor 
as when using the control blood. The meas- 
urement of para-amino hippurate in blood 
and urine was conducted by the method of 
H. W. Smith and his associates.^® The meas- 
urement of the mannitol was carried out by 
the method of W. W. Smith et. as modi- 
fied by Goldring and Chasis.® The determined 
values of the clearances xvere corrected to the 
standard surface area of 1.73 sq. meters, on 
the basis of height and weight.® Techniques 
employed for calculating the “mannitol 
blank” varied during the course of this inves- 
dgation.'* 

Results. There was a definite al- 
though shght trend upward in the dia- 
stolic pressure of all S patients after 
transfusions of hypertensive as com- 
pared to normotensive blood (Table 
1). There was no consistency, however, 
in the changes in the clearances of 
mannitol or para-amino hippurate, or 
in the filtration fraction when arterial 
hypertensive or normotensive blood 
was transfused into 5 hypertensive pa- 
tients. In some cases alterations in 
renal hemodynamics which were not 
duplicated after the transfusion of nor- 
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Fig. 1 Fig. 2 


Fig. 1.— Subject P. H. A compariion behveea change.*: in blood pressure, plasma clearance of mannitol, 
para-amino hippuratc, and the filtration fraction after tlie transfusion of hypertensive and normotensive blood 
in patients with chronic glomerulonepluitis in the uremic stage. 

The vertical line at 0 minutes represents the beginning of the transfusions and the horizontal arrows repre- 
sent their durations. and Cp.\H clearances of mannitol and para-amino hippurate respectively. 

Systolic and diastolic show blood pressure in mm. Hg. The horizontal lines represent averages for the perioi 
indicated. In all figures the solid lines represent values obtained when hypertensive blood was used and the 
broken lines when normotensive was used. 

Fig. 2.— Subject A. G. 



RANSFUSION OF ARTERIAL H^TERTENSIVE AND NORMOTENSIVE 
BLOOD INTO HYPERTENSIVE SUBJECTS 



I’ofl. Jlj’portcnsion Good A.K. 43 M A Nog. Hypertonsion 268/140 4/ 7/47 200 163/110 

K.B. 23 M A Pos. Normal 130/70 4/ 1/47 200 
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B.B.S23 



Fig. 3.— Subject B. B. Notations same as Figure 1. 
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motensive blood did occur (Figs 1-3). 

Because of the difficulty of interpre- 
tation of small changes in very low 
clearance values, and the probable in- 
terrelationship of blood pressure and 
renal blood flow under these condi- 
tions, the data were evaluated by pairs 
of experiments, comparing the enects 
of one kind of blood with tliose pro- 
duced by the other. In an attempt to 
ensure that even shght trends would be 
recognized, the averages of the PAH 
and mannitol clearances and of the fil- 
tration fraction observed during the 2 
control periods in each experiment 
were calculated. Selection was then 
made of post-transfusion period in 
which the PAH clearance diverged 
most markedly from the control aver- 
age. The extent of the divergence of 
the clearances and the filtration frac- 
tion in this selected period from the 
appropriate control averages was ex- 
pressed as percent of the control value 
(Table I). The percentages thus ob- 
tained for the experiments employing 
normal blood were then subtracted 
from those obtained in the experiment 
using hypertensive blood, and the alge- 
braic differences recorded (Table I, 
last 3 columns). 

The data thus expressed in the last 
3 columns of Table I permit an analy- 
sis of relative changes in PAH clear- 
ance in 5 experiments and in maimitol 
clearance and filtration fraction in 4. 
Only differences of 15% or more will be 
given consideration. Relative to the 
changes produced by normotensive 
blood, hypertensive blood lowered all 
3 values in 1 subject (P. R.). It ele- 
vated the mannitol value in another 
(.'\. G.). In a third (A. F.) hyperten- 
si\’e blood elevated the PAH clearance 
and depressed the filtration fraction. 
The period of greatest change was 
usually the second period after admin- 
istration of blood was started. 

Discussion. In order to demonstrate 
the presence of pressor substances in 


the blood of patients with arterial hy- 
pertension, at least three avenues of 
approach might be used to give direct 
or indirect evidence that such a sub- 
stance or substances exist. The first 
might be an increase in blood pressure 
levels. The second might be reflected 
in the effect upon renal hemodynamics. 
The third might be a correlation be- 
tween renal hemodynamics and blood 
pressure. 

The functional states of the kidneys 
used in these experiments varied. At 
first a mild hypertensive was used, G. 
O., with good renal function, whose 
blood pressure upon bed rest came 
down to normal levels. Kidneys in such 
patients might be sensitive to injected 
vasoconstrictor substances. No effect 
upon PAH clearance was noted when 
hypertensive blood was administered 
to this patient. In addition, a patient, 
with sustained, although mild, hyper- 
tension, A. F., was studied; his kidneys 
were apparently normal, as evidenced 
by a value of 700 cc. per minute for 
his renal plasma flow and about 115 for 
his glomerular filtration rate, and a fil- 
tration fraction in the neighborhood of 
.20. Comparison of the effects of trans- 
fusion of arterial hypertensive and 
normotensive blood into this individual 
revealed relatively less influence of hy- 
pertensive blood in elevating the fil- 
tration fraction. His diastolic pressure 
increased slightly after hypertensive 
Wood. 

To take the other extreme, kidneys 
of patients which were poorly func- 
tioning might reveal significant changes 
in the clearance of mannitol and para- 
amino hippurate, since slight changes 
in already narrowed arterial beds might 
be magnified if they occurred. Inter- 
pretation of clearance values and de- 
cision as to what constitutes a signifi- 
cant chanse are difficult when severe 
renal impairment is nresent. The ad- 
vanced stages of glomerulonephritis 
constitute a condition wherein the me- 
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chanism for the tubular transfer of 
diodrast is severely damaged, or the 
loss of renal tubular elements is so 
great, that the diodrast clearance at 
low plasma concentrations departs 
widely from the actual renal plasma 
flow (3). When experiments on sub- 
jects with diminished renal function 
were done, P. R,, A. G., and B. B., the 
results were not consistent, although 
changes in the clearances of mannitol, 
PAH, or in the filtration fractions oc- 
curred in 2, P. R. and A. G. The dia- 
stolic pressure, however, rose in those 
two in which these changes were least, 
A. G. and B. B. 

On the basis of these inconsistent re- 
sults and the variable state of the kid- 
neys of the recipients, it is impossible 
to ascribe the changes found to the 
presence in hypertensive blood of sub- 
stances affecting renal arterioles as 
measured by clearance methods. On 
the other hand, the fact that hyper- 
tensive blood tended to elevate the 
blood pressure of the recipients to a 
greater degree than did normotensive 
blood is suggestive of the presence of 
pressor substances. Since the trans- 
fusion of hypertensive blood preceded 


that of normal blood in all instances, 
except the experiment on H. G., it is 
possible that the greater pressor effect 
of the former may have been actually 
due to the subject’s greater apprehen- 
sion during the initial experiment. The 
relation between blood pressui'e changes 
and those occurring in the kidney could 
not be correlated in these experiments. 

Summary. 1. Six hypertensive pa- 
tients were transfused with arterial 
hypertensive and later with normo- 
tensive blood. The renal plasma flow 
and glomerular filtration rate were 
measured in 5, and the blood pressure 
in 5, before, during and after trans- 
fusion. 

2. No consistent changes were noted 
in glomerular filtration, renal plasma 
flow, or filtration fraction following 
the transfusions, although in some 
cases differences did occur. 

3. Hypertensive blood tended to 
elevate the diastolic blood pressure of 
the recipients to a greater extent than 
did normotensive blood. 

4. These experiments suggest, but 
do not prove, the presence of pressor 
substances in the arterial blood of hy- 
pertensive individuals. 


The authors wish to thank Miss Sallie Wood, R.N., for her valuable assistance in these 
experiments and Miss, Ellabetli Houghton, A.B., and Mrs. Donald Heady for tlreir technical 
assistance. Mannitol and para-amino hippurate were generously contributed by Sharpe and 
Dohme. 
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Reports concerning the acute effects 
of ethyl alcohol upon hepatic function 
have been conflicting.®--^--®'®®'"*® How- 
ever, a number of investigators have 
indicated that the ability of healthy 
adults to utilize galactose is im- 
paired by the ingestion of ethyl 
alcohol."*-*®'®*'*®-'*® The concentration of 
galactose in tlie blood, when measured, 
was found to be abnormally high and 
the duration of galactosemia abnor- 
mally prolonged when the test dose of 
the sugar was immediately preceded 
by alcohol. Galactosuria was increased 
.Ts well. However, the published 
observations neither establish the 
minimal effective dose of alcohol nor 
the duration or site of its action. In 
only one study*® was the possibility of 
altered intestinal absorption of the 
sugar e.xcluded by its intravenous 
administration, but the injection was 
prolonged over a 30 minute period. 
Therefore, it seemed desirable to define 
further the influence of alcohol on 
galactose tolerance. 

Materials, Experimental Procedure, and 
Methods. A total of -16 intravenous galactose 


tolerance tests were performed on 19 individ- 
uals including 15 healthy adults, 2 patients 
with cirrhosis, 1 vvitli hyperthyroidism, and 
1 with psychoneurosis. The subjects were 
allowed water, but not food, during an 
overnight fast and were kept at bed rest 
or restricted activity. Each one voided 
immediately beforehand, and then had his 
urine collected during the experimental period. 
Galactose was administered intravenously, as a 
50% solution in distilled water. Dosages of 0.4, 
0.5, and 0.6 gm. per kg. of body weight were 
employed and the injections were completed 
within 3 to 7 minutes. Venous blood was 
obtained immediately before the injection and 
at 15, 45, and 75 minutes after its mid-point. 
Samples (2.0 ml.) of the oxalated whole 
blood were fermented to remove glucose by 
continuous shaking witli 6 cc. of 20% hakers’ 
yeast for 30 minutes at room temperature. 
Deproteinization was then accomplished by 
the addition of zinc sulfate and sodium 
hydroxide.®® Aliquots (5.0 ml.) of the blood 
filtrates (corresponding to 0.4 ml. of whole 
blood) were analyzed in duplicate for galac- 
tose by the iodimetric method of Somogyi, as 
were the urine samples.®® Recoveries of 
known amounts of galactose added to oxalated 
whole hlood were complete and were not 
altered by addition of ethyl alcohol to the 
blood in vitro or when the blood donor had 
ingested alcohol.®* Moreover, alcohol did not 
increase the concentration of non-glucose 
reducing substances in the blood blanks. 


f Formerly Assistant m Mtdicine, Yale Univci^itv School of Medicine. 

• Formerly laslruclor in Medicire, Yale University School of Medicine. 

*• Noii-ft.nntntable rcducinc; substance was detectable m the fasting blood samples m only 8 of the *16 tests at 
concentrations of 4 to 19 mg. i>cr 100 cc. In these 8 tests galactose concentrations were calculated at the 
difference between total noa-glucOsO reducing substance and the observed “blood blank." 
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The response of 10 of the subjects to a 
standard dose of galactose administered intra- 
venously was first established in one or more 
studies. Subsequently, the effect of ethyl 
alcohol ingestion on the blood galactose levels 
and on the excretion of this sugar in urine 
during an otherwise identical test was 
determined. A single dose of 95 % ethyl alcohol 
in amounts of 0.03 to 0.40 cc. per kg. of 
body weight was given in 100 cc. of water at 
an interval which varied from 15 minutes to 
24 hours before the administration of the 
sugar. To test the specificity of the influence 
of alcohol on galactose tolerance, levulose 
tolerance tests’^>8i38,39 ^nd glucose tolerance 
tests'^-37.38,30 were performed in 8 experi- 
ments with, and 6 without, preliminary 
administration of ethyl alcohol in doses of 
0.30 cc. per kg. In 6 subjects, the rate of 
removal of bromsulfalein from the serum 
was measured with and without previous 
ingestion of alcohol.36 

Results. Galactose Tolerance (Table 
1). The control galactose tests of the 
healthy subjeects are in approximate 
agreement with previously reported 
normal values.^’2-^'^^'^^'22--'‘'37§ One 
subject (B.J.K.) received 0.4 gm. of 
galactose per kg. of body weight on 
one occasion and 0.6 gm. per kg. at 
another time. The blood levels at each 
point in the curve were distinctly lower 
following the smaller dose. The levels 


observed in the group of 5 subjects 
receiving 0.5 gm. per kg. were not 
apparently different at any time 
interval from those found in the group 
of 5 given 0.6 gm. per kg. The patient 
with hyperthyroidism had a normal 
galactose tolerance test (Table 1), 
whereas the 2 subjects with cirrhosis of 
the liver had impaired tolerances 
(Table 3). The small magnitude of 
variations in repeated tolerance tests 
carried out under standard conditions 
in the same subject is evident from 
the results of the 2 studies performed 
6 weeks apart on J.R. and the 5 on 
J.T. during one month (Tables 1 and 
2 ). 

Effect of alcohol on the galactose 
tolerance (Table 2). The galactose 
tolerance test was significantly altered 
in all 10 subjects without liver disease 
when 0.26 to 0.40 cc. of ethyl alcohol 
per kg. of body weight was ingested 
15 minutes before the injection of the 
sugar. The decreased rate of removal 
was most evident in increased galactos- 
emia at 45 and 75 minutes, although 
higher blood levels were sometimes 
observed at 15 minutes. An increase in 


TABLE l.-INTRAVENOUS GALACTOSE TOLERANCE -TESTS IN HEALTHY ADULTS 


Blood galactose Excretion m 



Galactose 

Age 

Sex 

Body 

(mg. per 100 cc. )° 


75 mmutes 


Injected 



Weight 

Time (minutes) 


Urine 

Galactose 

(gm. perkg.) 

( years ) 


(kg.) 

15 

45 

75 

(cc.) 

(gni.) 

LG 

0.6 

27 

M 

68 

125 

27 f 

12 

100 

4.6 

JCR 

0.6 

33 

M 

70 

150 

30 

10 

103 

3.5 

JP 

0.6 

31 

M 

66 

171 

76 

10 

137 

5.5 

JM 

0.6 

19 

F 

57- 

209 

72 

12 

— 

— 

BJK(a) 

0.6 

22 

F 

60 

191 

74 

18 

103 

4.3 

JR (a) 

0.5 

34 

M 

65 

157 

30 

11 

195 

21 

JR (b) 

0.5 

34 

M 

65 

147 

25 

14 

— 

— 

TT 

0.5 

31 

M 

77 

147 

56 

16 

114 

5.4 

FM 

0.5 

27 

M 

63 

152 

50 

16 

75 

4.8 

DC 

0.5 

23 

F 

52 

131 

7 

3 

83 

1.9 

MCt 

0.5 

27 

F 

50 

167 

57 

11 

205 

2.2 

BTK(b) 

0.4 

22 

F 

60 

86 

18 

6 

78 

2.0 


“ Values for blood galactose at 15, 45, and 75 minutes are corrected for blood blanks, 
t = 49 minutes, 
t =:Hypertbyroid. 


5 The anal> tical metliod used in the present study permitted determmation of blood galactose in con- 
centrations as low as 5 mg. per 100 cc. Galactose has mvanably been found in the blood at 75 mmutes in 
concentration^of less tlian 21 mg. per 100 cc. Inx-estigators who report complete removal of galactose from 
the blood 75 mmutes after its mtravenous administration in comparable dosage,='-'=’ -- have emplojed 
analytical methods which are less sensitise at low levels. 
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the urinary excretion of galactose was 
also apparent in most instances, but the 
degree of galactosuria in control tests 
had been quite variable. Significant 
galactosemia persisted for at least 120 
minutes in the one subject (L.G. ) 
whose blood level was determined 
after this time interval. In addition, 
alcohol in the same dosage produced 
a delay in galactose removal from the 
blood on the 4 occasions when it was 
taken 1.0 to 1.25 hours before the 
sugar. No alteration of the galactose 
tolerance curve was noted in the 2 
experiments in which the interval 


between alcohol and galactose adminis- 
tration was extended to 2 hours, nor 
was any effect apparent in 7 other 
studies carried out 3, 6, 12, and 24 
hours after alcohol ingestion. Less 
marked but still definitive alteration 
of the tolerance test was observed 
when 0.16 to 0.20 cc. of alcohol per 
kg. was ingested 15 minutes before the 
test in 3 experiments. Doses of 0.13 cc. 
per kg. or less in 4 tests had no demon- 
strable effect on the blood levels. 

The results recorded in Table 3 
indicate that alcohol produced no 
definitive evidence of further impair- 


TABLE 2.-INTRA VENOUS GALACTOSE TOLERANCE TESTS FOLLOWING THE 

INGESTION OF ALCOHOL 
Interval Blood 






betiveen 

Dosage 


'galactose 


Excretion in 


Age 

Se.x 

Body 

alcohol & 

of 

(mg. per 100 cc. ) 


75 minutes 




Weight 

galactose 

alcohol 

Time (minutes) 

Urine 

Galactose 




( kg .) 

( hours ) 

(cc.Ag.) 

IS 

45 

75 

(cc.) 

(gm.) 

JCR 

33 

M 

70 

0.25 

0.03 

176 

54 

23 

178 

16.2 

JT 

31 

M 

77 

0.23 

0.06 

123 

35 

9 

96 

5.7 

FM 

27 

M 

63 

0.23 

0.10 

— 

— 

10 

96 

4.2 

JT 

31 

M 

77 

0.25 

0.13 

157 

— 

17 

224 

12.3 

CM 

13 

M 

61 

0.25 

0.16 

141 

75 

31 

212 

14.7 

LF 

33 

F 

50 

0.25 

0.20 

162 

94 

37 

125 

8.7 

AS 

64 

M 

34 

0.25 

0.20 

— 

_ 

32 

121 

2.9 

JT 

31 

M 

77 

0.25 

0.26 

179 

106 

74 

264 

8.8 

J.M" 

19 

F 

57 

0.23 

0.26 

184 

134 

85 

157 

2.2 

LG* 

27 

M 

68 

0.25 

0.29 

132 

94 

65 "* 

363 

7.6 

JCR» 

33 

.M 

70 

0.25 

0.29 

193 

111 

39 

180 

8.7 

JR 

34 

M 

65 

0.23 

0.30 

168 

103 

67 

620 

12.0 

RO 

23 

F 

60 

0.23 

0,33 

— 

— 

75 

190 

6.2 

bjk: 

22 

F 

60 

0.23 

0.33 

182 

121 

82 

125 

2.2 

AB§ 

13 

F 

53 

0.23 

0.36 

161 

— 

60 

68 

3.9 

IL 

24 

F 

54 

0.25 

0.37 

1.56 

— 

68 

162 

2.7 

-MCI 

27 

F 

30 

0.25 

0.40 

163 

— 

54 

430 

4.1 

JT 

31 

M 

77 

1.00 

0.30 

— 

— 

77 

230 

6.6 

F.\I 

27 

M 

63 

1.00 

0.30 

— 

— 

68 

236 

7.4 

RO 

23 

F 

60 

1.17 

0.33 

172 

— 

26 

139 

6.3 

JT 

31 

M 

77 

1.23 

0.26 

— 

— 

39 

114 

5.3 

LT 

59 

F 

44 

2.00 

0.30 

— 

— 

8 

146 

1.8 

AS 

6-1 

M 

.34 

2.00 

0.30 

— 

— 

20 

143 

2.3 

RO 

23 

F 

60 

3.00 

0.33 

196 

— 

13 

90 

7.0 

JT 

31 

M 

77 

6.00 

0.26 

ISO 

76 

18 

96 

3.6 

JT 

31 

M 

77 

12.00 

0.20 

175 

32 

11 

77 

3.9 

RO 

23 

F 

60 

12.00 

0.33 

175 

79 

20 

124 

4.2 

JT 

31 

M 

77 

24.00 

0.26 

135 

53 

13 

122 

5.6 

IL 

21 

F 

5-1 

24.00 

0.37 

130 

— 

19 

81 

2.2 

LF 

35 

F 

50 

24.00 

0.40 

120 t 

- 

m 

123 

0.3 


• ThciC 3 subjects received 0.6 gm. "alactosc per kg. of body weight. All others were given O.o gm. per kg. 

Decreased to 30 iin:. per 100 cc. .it 120 minutes. 

5 P>>t:honcuro>is. 
f H>l>crth>Toidism. 

: Blood taken at 20 and at SO minutes respectively. 
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nieut of galactose tolerance in the 2 
patients witli cirrhosis of tlie liver. 

The administration of alcohol had 
no discernible effect on the utilization 
of glucose or levulose nor did it 
change the fasting blood sugar (Table 
4). Neither did the alcohol alter the 
bromsulfalein excretion rate in the 6 
subjects tested. Thirty minutes after 
tire intravenous administration of 5 mg. 
per kg. of body weight, less than 10 
mg. per 100 cc. of the dye was detec- 
table in the serum of the healthy 
subjeets. Similarly the 2 patients with 
cirrhosis of the liver exhibited no 
further impairment of their already 
diminished capacity to excrete the 
substance. These data have not been 
tabulated. 

Discussion. The results demonstrate 


clearly that small amounts of ethyl 
alcohol produce significant and consist- 
ent abnormalities of the galactose 
tolerance test in healthy adults. Blood 
levels of galactose at 75 minutes 
increased in some instances as much as 
5-fold following alcohol ingestion, and 
distinct elevations were also observed 
at 45 minutes. The 15 minute values 
showed less consistent changes, 
presumably because these were in part 
determined by the speed of injection 
and the rate of diffusion through the 
body fluids. Slight delay in galactose 
removal was observed when alcohol 
was taken in quantities as smaU as 
0.16 cc. per kg. of body weight. 
Stentsam'^® has reported increased 
galactosemia in one healthy subject 
who received as little as .03 or .08 cc. 


TABLE 3.-INTRAVENOUS GALACTOSE TOLERANCE TESTS WITH AND WITHOUT 
PRELIMINARY ALCOHOL INGESTION IN SUBJECTS WITH 
CIRRHOSIS OF THE LIVER. 







Blood galactose 

Excretion in 




Body 

Dosage of 

(mg. per 100 cc. ) 

75 minutes 




Weight 

alcohol” 

Time 

( minutes ) 

Urine 

Galactose 


Age 

Sex 

(kg.) 

( cc./kg. ) 

15 

45 75 

(cc.) 

(gm.) 

JC (a) 

50 

M 

66 

0 

144 

84 42 

154 

1.8 

LB (a) 

48 

M 

78 

0 

159 

88 

210 

3.6 

JC (b) 

50 

M 

66 

0.3 

165 

44 

210 

2.7 

LB(b) 

48 

M 

78 

0.3 

157 

82 

83 

2.5 


“ Given 15 minutes before galactose. 


TABLE 4.-GLUCOSE AND LEVULOSE TOLERANCE TESTS WITH AND WITHOUT 
PRELIMINARY INGESTION OF ALCOHOL. 





Body 

Dosage ol 




Weight 

alcohol® 

Subject 

Age 

Sex 

(kg.) 

(cc.Ag.) 

A. Glucose 

25 gm. 

intravenously 


JR 

34 

M 

65 

0 





0.3 

AA 

29 

M 

60 

0 





0.3 

TZ 

26 

M 

70 

0 





0.3 

AO 

50 

F 

60 

0.3 

B. Levulose 40 gm. orally 



JR 

34 

M 

65 

0 


0 



0.3 

GM 

60 

M 

95 

0 





0.3 

AD 

24 

M 

90 

0 





0.3 

IL 

24 

F 

54 

0.3 

® Given 15 

minutes 

before administration 

of sugar. 



Blood sugar (mg. per 100 cc.) 


0 

30 

Time (minutes) 

60 

90 

120 

79 





_ 

73 

84 

— 

— 

— 

67 

75 

— 

— 

— 

72 

81 

— 

— 

— 

57 

89 

— 

— 

— 

91 

88 

— 

— 

— 

75 

87 

— 

135 

— 

74 

90 

126 

130 

71 

77 

88 

120 

126 

82 

70 

80 

102 

86 

77 

82 

82 

102 

93 

66 

69 

73 

86 

86 

77 

75 

73 

95 

90 

65 

54 

86 

105 

105 

78 

77 
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of alcohol per kg., but only small doses 
of galactose were given and the sugar 
was taken by mouth. 

In the present study the degree of 
abnormality of the tolerance test was 
proportional to the dose of alcohol over 
the low dosage range studies. More- 
over, the abnormality was demon- 
strable for a relatively short time after 
alcohol ingestion. This would be antic- 
ipated if the effect of alcohol on 
galactose removal was dependent on 
the blood alcohol concentration during 
the test.^^ It seems probable that doses 
of alcohol larger than 0.4 cc. per kg. 
of body weight might well alter the 
galactose tolerance test for longer pe- 
riods. Indeed, suggestive confirmation 
of this possibility has been obtained in 
one subject who displayed an abnormal 
tolerance test 60 hours after a very 
large, but unmeasured, intake of 
alcohol. 

It is apparent that the elevated 
concentrations of galactose in the blood 
following ethyl alcohol ingestion were 
the results of retarded removal of the 
sugar from the blood stream, since it 
was administered by the intravenous 
route, and urinary e.xcretion usually 
accounts for only a small fraction of 
the galactose leaving the circulation in 
man. In • these experiments, the 
increased galactosmria noted after 
alcohol proved that elevation and 
prolongation of galactosemia could not 
be related to decreased renal excretion 
of the sugar. Since the analytical 
method for galactose actually measured 
the total concentration of unfermen- 
table reducing substances in the blood 
filtrate, the possibility that some other 
non-fermentable reducing compound 
enters the blood stream while galac- 
tose is being removed at a normal rate 
might be considered. However, the 
failure of such a substance to appear 
in the blood when alcohol alone is 


given and the normal glucose and 
levulose tolerance tests after alcohol 
ingestion eliminate such an hypothesis 
from serious consideration. It is reason- 
able to assume that the removal of 
galactose is delayed because of inter- 
ference with its uptake and conversion 
to glycogen by the liver. In the hepa- 
tectomized dog, galactose cannot be 
utilized as a source of blood glucose 
and the rate of galactose removal from 
the blood is extremely slow if renal 
excretion is prevented.® All the avail- 
able evidence derived from animal 
experimentation points to the domin- 
ant role of the liver in galactose util- 
ization.^®-^’^ Clinical observations indi- 
cate that only in hepatic disease is the 
intravenous galactose tolerance test 
significantly altered.^’®’®-^®’^®’®®’®'*’®^ No 
differences have been detected 
between the persistently abnormal 
galactose tolerance test of patients 
with liver disease and the transiently 
impaired curves of normal subjects 
given alcohol. The failure of alcohol 
further to impair the galactose toler- 
ance in patients with hepatic 
disease^’®'*’'*® lends additional support 
to the view that the liver is the site of 
the alcohol action. 

Although the argument is strong that 
alcohol influences galactose removal by 
impairing hepatic uptake, and presum- 
ably the conversion of galactose to gly- 
cogen, there is little support for the 
view that any general impairment of 
liver function is produced by the doses 
employed. Indeed, the failure of alco- 
hol to decrease levulose tolerance sug- 
gests a highly specific action of alcohol 
on the hepatic enzyme systems involved 
in handling galactose.® Moreover, no 
impairment of bromsulfalein excretion 
was demonstrated in the present study. 
MacNider®® observed temporary im- 
pairment of phenoltetrachlorphthalein 
e.xcretion in dogs poisoned with large 


• Rcccndy, the iJrntiijcalion o( an <.nz>’ine, "galactokjuaso", which catalyzes the conversion of galactose 
to ;:abctosc-l-phosphalc by the >cast Scccharomyccs /rcgilir has been reported It is o£ interest that one 
of the charactvristic properties of thu enzyme is that its activity is easily impaired by treatment with alcohol 
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doses of ethyl alcohol, 10 to 15 cc. of 
a 40% solution per kg., repeated as re- 
quired to maintain a state of seminar- 
cosis for 12 to 24 hours. RosenthaP® 
gave dogs smaller doses of ethyl 
alcohol (2 cc. of a 98% solution per 
kg. ) and found normal concentra- 
tions of urine urobilinogen and serum 
bilirubin with only a slight delay 
in bromsulfalein excretion 2 to 6 
hours later. In proportion to body 
weight, the dose employed by Rosen- 
thal is almost 7 times as large 
as the quantity required to produce 
marked impairment of galactose tol- 
erance in man. Little has been publish- 
ed concerning the immediate effects of 
alcohol on other tests of liver function 
in human subjects. The few available 
reports®’^^'"^® deal with observations 
made after, but not during, an episode 
of acute alcoholism. The problem de- 
serves further investigation with the 
aid of modern sensitive methods.^^ 
However, it seems clear that the ability 
of the liver to handle galactose is pe- 
culiarly susceptible to impairment by 
alcohol. The observation that alcohol 
interferes with the removal of galac- 
tose from the blood is of practical 
importance in the interpretation of 
galactose tolerance tests used in the 
evaluation of hepatic function or de- 


signed to reflect rates of intestinal ab- 
sorption.^ It is of even greater theo- 
retical interest with respect to the well 
recognized clinical association between 
alcoholism and portal cirrhosis of the 
liver^^’^®’^®'®^'^® and the possible role of 
alcohol in the pathogenesis of this dis- 
ease.®’^'*’^®’^®’^®'®^ Finally, it has been 
suggested,^®’-®’®®-®^ on the basis of stud- 
ies concerning infants with chronic 
galactosemia, that the continued fail- 
ure properly to utilize galactose de- 
rived from the diet may of itself lead 
to hepatic damage. Further evidence 
in support of this hypothesis has been 
presented elsewhere.-® 

Summary. Ethyl alcohol in small 
doses temporarily reduced the galac- 
tose tolerance of healthy adults, but 
did not influence the already abnormal 
tolerance tests of 2 patients with cirr- 
hosis of the liver. 

Although the abnormal tests follow- 
ing alcohol ingestion were almost cer- 
tainly due to impairment of the ability 
of the liver to remove galactose from 
the blood stream, there was no con- 
comitant impairment of bromsulfalein 
excretion or of levulose and glucose 
tolerance. 

The significance of these findings is 
discussed. 


The authors express their appreciation to Dr. T. S. Danowski for his valuable aid and advice. 
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Recent studies^’^'®’^“'^° have indicated 
considerable doubt about the benefit to 
be expected from human albumin ther- 
apy in cases of cirrhosis of the Hver. In 
some instances good results were noted 
in the treatment of ascites, especially if 
the patients were tapped dry before ad- 
ministration of the albumin.^ 

We have been interested in follow- 
ins the effects of considerable amounts 

O - 

of salt poor human albumin in cases of 
liver disease of various types. In pre- 
vious reports little mention has been 
made of untoward effects. We have 
been impressed in particular by an un- 
favorable water retention in some cases, 
often associated with fever and pul- 
monary edema. The purpose of the 
present communication is to describe 
our observation in these cases and at 
the same time make some comment on 
the value of salt poor human albumin 
in the treatment of liver disease. 

Material and Methods. Salt poor human 
albumin has been administered to a number 
of patients suffering from various types of 
hepatic disease, on the Medical Service of the 
University of Minnesota Hospital. Six of tliese 
have been studied in more detail and form 
the material for the present communication. 
Two of the 6 were clironic alcoholics and 
were suffering from so-called alcoholic cirrho- 
sis of the liver; tliree had cirrhosis believed to 
be a sequel of sporadic infectious hepatitis, 
and one had homologous serum hepatitis. 

The following studies were carried out: 


Serum bilirubin,^ urine urobilinogen, feces 
urobilinogen,i5 cephalin cholesterol,^ thymol 
turbidity, serum cholesterol and cholesterol 
esters. 14 

The salt poor human albumin was provided 
tluough the courtesy of die American 
National Red Cross in a 25% solution, the 
solvent consisting of a 0.3 M sodimn chloride 
solution. The desired amount of albumin, 
ranging from 25 to 100 gm, per injection, was 
diluted with 500 to 1000 cc. of 5% dextrose 
in distilled water and administered intraven- 
ously at the rate of about 250 cc. per homr. 

Liver biopsy under peritoneoscopic control 
was performed as previously described.® 

The “liver diet” which will be referred to 
consists of 350 gm. of carbohydrate, 150 gm. 
protein, and 100 gm. of fat per day. 

Protocols. Case 1. E. R., a 64 year old 
white male undertaker, entered the hospital 
on Oct. 24, 1947. He complained of pruritus, 
anore.xia, nausea, jaundice and light colored 
stools for the previous 2 weeks. A malignant 
melanoma had been removed 2 years before. A 
mesonephric ridge tumor was removed in May, 
1947, at which time he had been given 14 
blood transfusions. Physical examination 
revealed icteric sclerae, multiple petechiae, 
foetor hepaticus, and hepatomegaly to the 
level of the umbilicus. The spleen was pal- 
pable 1 inch below the left costal margin. The 
liver function studies are shown in Fig. 1. On 
Oct. 24 he was placed on a liver diet, multi- 
vitamins, and high caloric feedings. Increas- 
ing jaundice, anorexia and diminution of the 
size of tlie liver developed. The patient was 
somnolent and foetor hepaticus was pro- 
nounced. Six hundred gm. of salt poor human 
albumin were given between Nov. 7 and 12, 
inch During this period the patient began to 
improve and went on to rapid and evidently 
complete recovery. At first this was attributed 


o This work was supported in p.ut under tlie Commission on Liver Disease of the Armv Epidcmiolojiical 
Board, Preventive Medicine Division, Office of tlie Surgeon General, Washington, D. C. 
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to the apparent effect of the serum albumin. 
Though tlie patient did not appear to improve 
until the third day of albumin therapy, the 
attending physician felt convinced of its 
value; in fact he regarded it as little short of 
life saving. Nevertheless, it is seen in Fig. 1, 
that there was a significant decrease in the 
serum bilirubin just prior to the beginning 
of albumin therapy, so that the question of 
coincidental spontaneous recovery is obvious. 
No untoward effects of the albumin were 
noted in this case. 

Case 2. O. S., a 42 year old white house- 
wife and tavern operator, was admitted on 


riched milk mixture.® No significant improve- 
ment was noted. From Jan. 26, 1948, to Feb. 
4, 1948, inclusive, salt poor human albumin 
was admimstered daily to a total of 950 gm. 
The effect on the serum albumin, serum 
globulin, and other observations are shown in 
Fig. 2. Of particular interest is the reveisal 
of tlie albulin-globulin ratio and the marked 
decline of tlie thymol turbidity, without 
change in the cephalm flocculation. No diure- 
sis was observed; in fact, the urine volume 
dimim'shed somewhat, and the patient gained 
weight. A liver biopsy at this time revealed a 
severe fatty cirrhosis with considerable degen- 


TABLE l.-OBSERVATIONS IN CASE 3 (T. C.) 

Observation 

or material given Day of Study — May, 1948 

2 3 4 5 6 7 8 9 10 11 13 13 14 15 

Salt Poor 
Human Albumin. 


Grams (Intravenous) 
0 % Glucose in 



50 

100 

100 

100 100 

100 


Distilled Water 
(Liters) 



0.5 

1.0 

0.8 

0.8 0.6 

0.8 


\Veight (lbs.) 

144 143 

142 144 

141 

143 

143 

144 

149 151 

Died 

Urine Volume (L.) 
Bilirubin 

1.9 2.0 2.8 

2.2 2.5 

1.1 

3.0 

2.0 

2.1 

1.0 0.9 


(mg./lOOcc.) 

One Minute 

1.8 


2.1 



1.6 

1.5 

2.4 

Total 

3.8 


4.6 



2.S 

4.9 

7.9 

Cephalin 

Cholesterol 
(24 and 48 hr.) 

3-f4-f 





3-f4-k 

3+4-f 

S-l-4-j. 

Thymol 

Turbidity (Units) 

7.8 


10.8 



5.5 

5.5 

5.5 

.Mkaline Phosphatase 
(Bodansky units) 

6.1 


5.9 



5.3 

3.8 


Cholesterol 
(mg. per 100 cc.) 
Total 

146 


160 



110 

130 

72 

Esters 

Serum Proteins 

57 


83 



57 

95 

28 

Gm /lOO cc. 

•Vlhumin 



2.7 



4.8 

5.3 

5.3 

Globulin 



4.8 



3.2 

2.9 

3.3 


January T3, 1918. She complained of vomit- erative change represented by open spaces,®® 

ing and jaundice for 8 weeks prior to admis- There was increasing evidence of hepatic 

sion. A histoiy w.is obtained of poor appetite, insufficiency. Somnolence, intermittent foetor 

low protein intake, and alcohol ingestion for hcpaticus, and increasing peripheral edema 

6 \e.irs previous to entry. Spider naevi, were obserx’ed. From Feb. 5th to Feb. 28th, 

ascites, and moderate edema of the lower 1500 cc. of 2.0% glucose containind 75 units 

extremities xvere noted on phx-sical examina- of insulin were administered daily. From 

tion. Tlie liver w.as enlarged to 10 cm. below Feb. 11 to Feb. 28, 10 cc. of intrnheptol 

the right costa! m.xr 2 in in the midclxvicular were also administered daily. Definite im- 

linc. For the first 1.3 daxs she xvas treated provement had already begun, hoxvever, on 

xxith a lixer diet supplemented xvith an en- Feb. 11th. This xvas ushered in with a con- 

• XlilV 6-.S. .Xliriltiiv J. The n a Jehydrated milV-calcium cascinatc-taclose iiowder provided Ihrougb 

the ciiiiiUiv of the Dutcijc Corporation. .Mmneapolii. Minn. 

•• Pholanueto^rapiu .ore reproduced elsewbcte.x» 
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siderable diuresis, followed by improved 
appetite, mental clarity and diminishing 
jaundice. Over a period of 2 months the 
jaundice entirely disappeared. At the present 
time the patient feels very well. This case 
was instructive because of the obvious water 
retention, and gain in weight in spite of 
elevation of the serum albumin to 5.0 gm. per 
100 cc. This was associated with deterioration 
of her general status, rapid improvement 
occurring, however, upon administration of 
hypertonic glucose solution. 

Case 3. T. C., a 41 year old white road 
construction laborer, entered the hospital on 
March 15, 1948. Two years previously, in 
March, 1946, he had noted dark urine, weak- 
ness, and anorexia. In April 1946 an appen- 
dectomy was performed. In June 1946, 


May 12 he was given a total of 550 gm. of 
salt poor human albumin. On May 11 he 
complained of a severe headache and a feel- 
ing of tiredness. He appeared quite lethargic. 
On May 12th, moist rmes were noted at the 
lung bases. Fever up to 102° was noted on 
May 13th. On the same day a severe nose 
bleed occurred. He was apprehensive and 
sweating profusely. Dyspnea was observed the 
following day and his venous pressure was 
17 cm. On May 14th his blood volume was 
6.85 bters as compared to a statistical normal 
of 5.6 liters (Evans blue dye method). The 
hematocrit was 33.6%, plasma volume 4.46 
liters. 

Early in the afternoon of the 14th, 600 cc. 
of blood was removed, following which the 
patient felt considerably improved. About 


TABLE 2.-LIVER FUNCTION STUDIES BEFORE AND AFTER THE ADMINISTRA- 
TION OF SALT POOR PIUMAN ALBUMIN, IN CASES 4, 5 AND 6 


Observation 

Before 

Case 4, H. A. 

After 


Case 5, C. A. 

Before After 

Case 6, D. M. 

Before After 

Cephalin 

Cholesterol 

2-9-48 

2-16-48 2-27-48 

3-5-48 

4-19-48 

4-30-48 5-8-48 

2-11-48 

2-18-48 

3-1-48 

(24 and 48 hr.) 
Thymol Turbidity 

3-t-4-t- 3-{-4-l- 

3-j-4-}- 1 

3-j-4-j- 

3-|-3-|- 

1 3-}-4-j”3'|'4-l- 3-j-4-|- 

(units) 

Serum Bilirubin 

2.9 

1.7 

3.6 

6.5 

3.9 

' 9.2 

5.5 

7.8 

One Minute 

1.0 

1.0 

0.6 

2.4 

2.1 patient 

12.5 

11.2 

9.3 

Total (mg./lOO cc.) 
Serum Protein 
(Gm./lOO cc.) 

3.5 

3.6 

3.5 

4.9 

4.2 died 

23.5 

21.5 

15.6 

Albumin 

2.8 

3.9 3.2 


1.2 

2.2 

2.7 

5.3 

4.3 

Globulin 

Gholesterol 
(Mg./lOO cc.) 

3.7 

2.1 3.1 


5.8 

4.3 

4.2 

2.7 

3.1 

Total 

140 

66 

98 

56 

36 

106 

56 

72 

Esters 

Alkaline Phos- 

90 

33 

50 

7 

9 

29 

21 

14 

phatase 

(Bodansky imits) 

6.1 

2.8 

5.0 

1 

1.5 

1.4 

16 

5.0 

8.1 


jaundice, anore.xia, dark urine, and weakness 
developed. These recurred in February 1947 
and again in June 1947. He was first seen in 
the University Hospital in August 1947. At 
that time, a liver biopsy revealed portal 
cirrhosis. He improved somewhat, was dis- 
charged on August 15 and felt fairly well 
until November 1947 when his symptoms 
recurred, and steadily increased in severity. 
On admission, the significant physical find- 
ings were lethargy, palmar erythema, spider 
nevi, ascites, splenomegaly, and an enlarged 
firm liver. From March 23 to May 7 he 
received the liver diet, enriched milk mixture, 
and 10 cc. daily of intraheptol. No significant 
improvement was observed. From May 7 to 


midnight, however, he became much more 
dyspneic, and died rather suddenly at 12:15 
A.M. The significant findings at necropsy 
were as follows: Pulmonary congestion and 
edema, bilateral pleiural effusion, ascites, and 
a diffuse, non fatty cirrhosis of the Kver. The 
latter was classified as probably post infec- 
tious in character. The significant laboratory 
data in Case 3 are given in Table 1. 

Again it is clear that there was marked 
water retention as a result of the albumin 
tlrerapy with gain in weight and severe pul- 
monary edema in spite of an elevation of the 
serum albumin to 5.3 gm. per 100 cc. In 
retrospect it seems possiljle that the fatal out- 
come might have been avoided if plasma- 
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phoresis had been done when the magnitude 
of increase of the plasma volume was learned. 
Unfortimately there was so much apparent 
improvement foUowing the removal of 600 
cc. of blood, that a sense of false security 
was gained. 

Case 4. H. A., a 56 year old white liquor 
salesman entered the hospital on Jan. 31, 
1948. He complained of jaundice and inter- 
mittent dark urine. For 2 years prior to 
admission he had noted transient jaundice 
and ankle edema. A mild psj'chic disturbance 
was noted in Oct. 1947. Several para- 
centeses had been performed a few months 


red. A chest film on May 14th revealed con- 
gestion of the lungs and a suggestion of 
infiltration in the lower portion of the left 
lung. The changes in hver function were not 
remarkable (Table 2). 

Case 5. C. A., a 68 year old white house- 
wife, entered the hospital on Feb. 22, 1948. 
For the previous 2 months she had noted 
weakness, anore.xia, nausea, vomiting, jaun- 
dice, and pruritus. She stated that her stook 
had been h'ght and her urine dark. Diabetes 
mellitus had been diagnosed by her physician 
one month before admission. There had been 
a 40 pound weight loss in the last 4 months, 



Fig. 1.— Serul li\er function studies in Case 1, before and after administration of salt poor 

human albumin (E. IF, male, age 64). 


prior to admission. A long liistory of alcohol- 
ism Was obtained. Physical c.xamination 
revealed icteric sclerae, spider ncvi, foetor 
hepaticus, and ascites. The liver was not 
palpable. Liver function studies are shown in 
'J'.ible 2. The liver biopsy on Feb. 6, 1948, 
revealed c-xtensive portal cirrhosis. From 
Feb. 8, 19 IS, to Feb. 14. 1918, he was 
given 700 gm. of s.ilt poor albumin in dosages 
of 100 gm. daily. -Vfter the first 200 gm. 
had been given fever up to 103° was noted 
everv’ day until Feb. 22. .N'o diuresis was 
iibwrved. His face was sulTused .and his skin 


most of which had occurred in the previous 
2 months. Physical e.xamination revealed a 
beefy red tongue and icteric sclerae. The liver 
was not palpable. Pretibial edema of a mild 
degree was present. Liver biopsy revealed 
marked evidence of hepatitis and cirrhosis. 
Her liver function studies are shown in Table 
2. From Feb. 22, 1948, to March 13, 19-18, she 
was given a liver diet supplemented with intra- 
venous and oral glucose. From March 13 to 
.■Vpril 19 an enriched milk mixture was 
added to this regime. Xo significant improve- 
ment was observed and .ascites developed. 
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From April 19 to April 30, 1948, a total of 
300 gm. of salt poor human albumin was 
administered. Fever was noted following each 
injection. Dyspnea was also observed after 
the last several injections. No diuresis 
occurred. The patient’s condition became pro- 
gressively worse. She expired on May 8, 1948. 
The various features of this case were 
similar in many respects to those recently 
studied in Denmarlc.^Ai 

Case 6. D. M., a 33 year old white male 
school teacher, was admitted to the hospital 
on Feb. 3, 1948. He complained of jaun^ce, 
dark urine, light stools, ankle edema, and 


From Feb. 10 to Feb. 18, 1948, he was given 
1000 gm. of salt poor albumin intravenously. 
During this time he showed no significant 
changes in his liver function stu(£es. No 
diuresis was observed. Fever up to 103.6° was 
noted during the administration of the 
albumin. His respiratory rate was increased. 
No immediate beneficial effect was observed 
from this therapy. Table 2 includes a sum- 
mary of his liver function studies prior to 
and after the administration of salt poor 
human albumin. About 2 months later the 
jaundice commenced to lessen and by the 
first of June, 1948, had entirely disappeared. 



Fig. 2.— Serial liver function studies and other observations in Case 2 (O. S., female, age 42). 


bleeding from tlie gums. He had first noticed 
these symptoms in March, 1947. At that time 
he had lost about 25 pounds in weight. After 
about 3 montlis the jaundice almost dis- 
appeared and he felt fairly well except that 
he did not regain the weight he had lost nor 
did he regain his usual vigor. In November, 
1947, Ills symptoms recurred and became pro- 
gressively worse until the time of admission. 
Physical examination revealed intense icterus, 
numerous excoriations, spider nevi, and ankle 
edema. His liver was pmpable 12 cm. below 
the right costal margin. A liver biopsy 
revealed hepatitis and distinct, early cirrhosis. 


The patient now feels quite well and has 
resumed his occupation. 

Comment. The above cases fail to 
prove any significant value of salt poor 
human albumin in cases of hepatitis 
and, or, cirrhosis. On the other hand, 
the possibility e.xists that the material 
may be of considerable value in certain 
cases. This is at least suggested in 
Cases 1 and 2 of the present group. In 
the former, however, there is a likeli- 
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hood of a coincidental, spontaneous 
improvement, and in the latter, the 
in^provement, while dramatic and 
following shortly upon the albumin 
therapy, did not begin until hypertonic 
glucose had been administered in con- 
siderable amount. One must consider 
the possibility in this instance that the 
latter would not have been helpful with- 
out the prewous replenishment of nitro- 
gen which the albumin undoubtedly 
effected. It is also possible that the 
improvement was entirely due to the 
albumin, as evidence of delayed benefit 
has been reported previously.'*'® Thus 
Eckhardt and co-workers* have shown 
that albumin given intravenously in 
normal human subjects is rather slowly 
but completely metabolized, giving 
rise to a markedly positive nitrogen 
balance. 

^Vhile the present study thus fails to 
decide as to the value of salt poor 
albumin in the treatment of liver dis- 
ease, it emphasizes certain dangers 
attendant on its use and is instructive 
with respect to certain aspects of renal 
function in cases of cirrhosis. 

It is quite clear from the present 
cases, that fever and retention of water 
may be anticipated when salt poor 
Imman albumin is given to patients 
witli cirrhosis in the amounts which 
have been thought to be necessary.® 
The administration of salt poor human 
albumin has recently been shown by 
Cargill® to increase glomenilar filtra- 
tion and renal blood flow in normal 
and nephrotic individuals. Cases of 
hepatic disease were not included. The 
present study emphasizes that the 
water retention and increased plasma 
volume in such cases may result in 
serious and even fatal pulmonaiy' 
edema. The remarkable feature of the 


water retention in the present cases 
was that no diuresis occurred in spite 
of elevation of the serum albumin to 
high normal or above normal levels, 
and in spite of significant increases of 
plasma volume. Rather, there was even 
a distinct tendency to oliguria. Since 
there was no lowering of blood pres- 
sure nor evidence of other factors 
which might reduce renal blood flow, 
the possibility of augmented antidiu- 
retic activity must be considered. In 
this connection the observations of Ralli 
and her associates*® are of particular 
interest, since they offer objective evi- 
dence of an increased concentration of 
antidiuretic substances in the urines of 
cases of cirrhosis with ascites. 

Summary and Conclusions. 1. In 6 
cases of hepatitis and, or, cirrhosis of 
the liver, the administration of salt poor 
human albumin in large amounts failed 
to provide decisive information as to 
its possible therapeutic value. In 2 of 
the cases dramatic improvement en- 
sued, but in both there was reason to 
believe that other factors were of 
greater significance. In the remaining 

4 there was neither subjective nor ob- 
jective evidence of improvement. 

2. Fever and water retention were 
commonly encountered. The latter re- 
peatedly resulted in pulmonary edema, 
with a fatal outcome in one instance. 
It was remarkable that coincident with 
an elevation of the serum albumin to 

5 gm. per 100 cc. or higher, the plasma 
volume and body weight increased, 
often with signs of pulmonary edema, 
yet there was no diuresis, in fact the 
urine volume tended to diminish. The 
possibility is considered that this lack 
of diuresis was due to antidiuretic ac- 
tivity such as reported in cases of 
cirrhosis by Ralli and associates. 
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During the past several years consid- 
erable interest has been shown in the 
false positive reactions occurring in the 
serodiagnosis of syphilis. Less atten- 
tion, however, has been given to the 
cases of untreated active syphilis in 
wiiich serological tests were reported 
as negative. This has led to diagnostic 
confusion and failure to apply effective 
therapeutic procedures. Survey of the 
literature fails to reveal any significant 
clinical investigations relevant to this 
problem. The purpose of this report is 
to bring attention to this potentially 
important source of diagnostic error. 

It IS well known that serological 
tests may be negative in certain types 
of s\ plnhs. These include early or con- 
genital syphilis, treated cases, and cer- 
tain forms of cardiovascular and cere- 
brospinal syphilis. In addition, there 
remain those whose sera are negative 
until diluted. These fall into the Iroup 
manifesting the prozone (prezoL or 
fnw) phenomenon as illustrated by the 
o c.ises described in this paper 

Bacteriologists have long recognized 
the Lict that vars'ing reactivity colld be 
noted m different antigen-antibody ra- 
tios. Early ni the study of immunolocn- 
It was observed that some sera whi^ 
would agglutinate bacteria in high 

(L-iS) ^ 


dilutions would fail to agglutinate 
when they were mixed with the bac- 
teria in concentration.^® Ehrlich, as 
cited by Zinsser and Bayne-Jones, des- 
ignated this ratio where agglutination 
failed to occur as “the proagglutinoid 
zone.” Eisenberg and Volk^ were the 
first to study the phenomenon in detail, 
theorizing as to its cause on the basis 
of Ehrlich’s conception of agglutinin 
structure. In 1926, Dean and Webb^® 
investigated the character of the vari- 
ous zones occurring in precipitation re- 
actions, designating the zone of maxi- 
mal flocculation as the optimal propor- 
tion or ratio. Weiner, in his studies 
in 1937 on the Kline test for syphilis, 
found sera which, though giving a 
weak reaction on the direct test, be- 
came more distinct on dilution. Subse- 
quently, it was noted that a negative 
Kline exclusion or Kahn presumptive 
test does not exclude the possibility of 
a positive reaction by other technics.® 
Some syphilitic sera are detected only 
by a less sensitive procedure. Contra- 
dictory results are particularly common 
when both a flocculation and a comple- 
ment fixation test are used, the former 
being peculiarly susceptible to zone re- 
actions. Stowe® observed the occur- 
rence of negative (prozone) Hinton 
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reactions in 4 patients, demonstrating 
that the more sensitive the flocculation 
test, the more susceptible it is to pro- 
zone reactions. Wiener^^ reported in 
1940 on tbe United States Public 
Health Service investigation by 15 
laboratories of the various serological 
tests for syphilis on 213 known syphil- 
itic sera. Seven sera were found to be 
falsely negative by two or more labora- 
tories. As the number of units of reagin 
increased, so did the uniformity of re- 
sults except for prozone reactions oc- 
curring in the Hinton tests. Myers and 
Perry® pointed out that despite the fact 
that serologists were acquainted with 
the prozone phenomenon, many labo- 
ratories, using one or more of the more 
recently developed flocculation tests, 
could readily fail to detect a prozone 
reaction. 

Kahn,'^ in his observations on the 
“optimal zone reaction” found that 
certain of the so-called seronegative 
syphilitic sera became positive when 
more antigen-antibody ratios were em- 
ployed. The standard Kahn test em- 
ploys serum: antigen ratios of 3:1, 6:1, 
and 12:1. When ratios ranging from 1:1 
to 1:100 were employed, positive re- 
sults were obtained in syphilitic sera 
which were negative according to the 
standard Kahn method. Kahn believed 
that each individual serum has an op- 
timum zone of reactivity, and that 
negative readings are due to dispropor- 
tionate amounts of antibody and anti- 
gen. A serological pattern common in 
late syphilis is a negative reaction for 
standard Kahn and high serum: antigen 
ratios of 24:1 to 100:1, but a positive 
reaction in low serum .'antigen ratios 
of 1:1 and 1:2. 

Incidence. The occurrence of zone 
effects in tire Kline and Hinton tests, 
according to Greene and Breazeale,® 
is only about 1 in 1000 and should 
therefore not prove a great source of 
error. Myers and Perry,® on the otlrer 
hand, tested more than 2000 specimens 


with negative Kline-exclusion reactions 
and found zone reactions in 0.3%. If 
all routine examinations done during 
that time were included, the incidence 
became 0.15%. This increased to 1.7% 
with the inclusion of atypical “doubt- 
ful” tests which the authors believed 
would have been interpreted as nega- 
tive by many serologists. 

Theoretical Considerations. In floc- 
culation tests 3 zones are found to exist 
—the zone of antigen excess (or anti- 
body deficiency), the central equiva- 
lence zone, and the zone of antigen de- 
ficiency (or antibody excess). Reactiv- 
ity in the first and third zones may be 
partially inhibited or fail to occur alto- 
gether. The optimal zone (that is, the 
central equivalence zone), may be 
demonstrated by varying either the 
antigen or antibody concentrations. In 
any one system the optimal ratio is not 
necessarily a fixed value. When the 
antigen content is fixed and the anti- 
body concentration varies, the optimal 
ratio will frequently differ from the 
one obtained when the antibody con- 
centration is constant and the antigen 
content is the variable. A difference is 
found also in precipitation and in ag- 
glutination reactions. In the former, 
precipitation is derived largely from 
the antibody; in the latter, floccules 
consist mainly of the antigen-cai'rying 
material. Several zone phenomena oc- 
cur also in the complement fixation 
reactions.- Among these, there has been 
noted one type analogous to the floc- 
culation prozone described above, 
namely, due to excess antigen or serum. 
In addition, there are a number of fac- 
tors peculiar to the use of the sheep 
cell-amboceptor hemolytic system which 
contribute to false negativity in the 
complement-fi.xation reaction. Zone re- 
actions based on antigen-antibody 
ratios are not noted in the spinal fluid. 
The conventional zone reaction occur- 
ring in the colloidal gold test on spinal 
fluid or its many modifications has been 
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sliown to depend on tlie concentration condyloma lata. In the 6 cases of 
and ratio of albumin to globulin. Plere Myers and Perry,® the clinical diagnosis 
the albumin tends to prevent floccula- was mentioned only in two. One pa- 
tion and the globulin to further it. tient had far-advanced general paresis 

Clinical Forms of Syphilis. A cor- and the other acute syphilitic periostitis 
relation between the frequency of the of the leg and “cardiac symptoms.” In 
prozone phenomenon and the various the only report of the prozone phe- 
forms of syphilis has not been estab- nomenon in early syphilis, Callaway' 
lished, but it appears to occur predomi- found negative or doubtful serologic 
nantly in the late forms of active syph- tests in “many patients” with secondary 
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ilis. 'flic reports in the literature are 
coiiterned almost exclusively with the 
serological aspects of zone reactions, 
llevm.m'' reported 1 case with tiie diag- 
nosis of l.itent syphilis and simple gas- 
tritis. Stowe'^ found 1 cases with pro- 
zone reactions (Hinton tests only, the 
K.ihn .Old Kline tests being positive); 
> li.ul cerebr.il syphilis .md the fourth 


syphilis; the qiiantitatise tests showed 
titers as high as 512 Kahn units. 

Tlie following cases illustrate the 
prozone phenomenon observed by the 
authors on the teaching service of a 
large municipal hospital. 

Case .\bstracls. C\se 1. .M. H., a 50 >c.ir 
old toIiJiLd lioiiscuife, w.as adjiiillcd to 
Galliiiger .Municipal Hospital on August 23, 
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1945, with hoarseness and dyspnea of 4 weeks’ strongly suggestive of leprosy. Over tire right 

duration, followed by a productive cough, supra-orbital ridge, a discrete nodule appro.vi- 

weight loss, weakness, and fever. One year mately 2 by 3 cm. was present. Later it 

previous she noted a small, nodular, painless, increased in size and ulcerated, as shown in 

and non-pruritic lesion on her right arm. It Fig. 2. Such nodules could be distinguished 

increased in size progressively, became in the periphery of the face and arm lesions, 

reddened, scaly, and ulcerated. One month coalescing to form large areas of destruction 

before admission, a similar area appeared on and marked scarring. No other significant 



Fig. 2.-Case M. H. 


the right cheek, spreading over the nose and 
down the neck; later another nodule appeared 
on the forehead. 

On admission she was moderately dysp- 
neic, with a temperature of 102.4° F. A large, 
scaly, plaque-like lesion e.vtended over the 
right antecubital space and arm for appro.xi- 
mately 20 cm. (Fig. 1). Similar lesions were 
noted on tlie left malar region, nose and 
neck. Facial lesions were markedly hypertro- 
pliic with enlargement and distortion of the 
nose, resulting in a leonine appearance 


findings were present except hoarseness and 
coarse rales at the base of the left lung 
posteriorly. Neurological examination revealed 
no sensory changes. 

Laboratory examinatioiis: Hemogoblin 
ranged from 8.57 gm. to 10.5 gm. per 100 
cc.; red blood cells from 3,900,000 to 
4,500,000 per cu. mm. The leukocyte count 
on admission was 10,000 but later fell to 
4,500 per cu. mm. with a nonnal differential 
at all times. Urinalysis was essentially nega- 
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tne. The corrected sedimentation rate was protein was 38 mg. per 100 cc. and the 

0.35 mm. per min. (Rourke-Emstene). The colloid gold curve was 0002100000. 
serum proteins sverc 7.22 gm. per 100 cc. ol Roentgenogram of the chest on October 8 
blood with the albumin 4.16 gm. -and the revealed motth’ng and fibrotic changes at the 
globulin 3.06 gm. Twentj'-four hour sputum base of the left lung which were unchanged 
specimens were negative for acid-fast bacilli on December 4. Roentgenogram of the hands 
on 15 occasions; g.istric washings on 4 occa- revealed no evidence of sarcoidosis. Direct 
sums. Two cultures from the lesions were laryngoscopic examination on September 18 
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lii gktive fur fungi .uul svr.ipmgs of the n.is.»l 
oil. iM Wire iKgative for Mijcobathfium 
*t 1 he tuhirviilm tut (IM'.D. 1 w.is 

<gitr.e III two itniigths. 
s, ri .'o^iu.i ittnln i wire .i> follows. 'Ihe 
K .ill! ii A w.is doulitfully {xisitive on .\ugusl 
21 i.igilive on .\iigust 2'), pisitive on 

■s j :• ,u! < r 2(, and lugitive on October 10. 
1/ ■(•. int.t itiie Kahn on October 12 was t 

•> in i dii'ul.on uf l.lO-iS. The spinal fluid 


rrve.ilid m.irktd edema of the hryitx making 
It difficult to visii.ih/e the vocal cords. On 
October -30, some unprovement in the edema 
was noted hut a bronchoscopic examination 
w.is dccincd inadvisable at the time. Biopy 
of the skin lesions on September 8 was inter- 
preted .IS showing a chrome inflainmatory 
process. 

Course; The patient became asymptomatic 




serodiagnosis of syphilis 


24 hours following admission except for 
hoarseness and the cutaneous lesions, the 
latter progressing despite local therapy. On 
November 5, bismuth subsalicylate was begun 
with immediate and dramatic improvement, 
healing of the skin lesions occurring centrally. 
Penicillin, 20,000 units intramuscularly every 
2 hours, was given from November 14 to the 
date of her requested discharge on December 
8, 1945. She received a total of 6 cc. of 
bi.smuth and approximately 6,000,000 units 
of penicilliiA. On discharge, the skin lesions 
had cleared completely. The hoarseness, 
which had remained unimproved for several 
weeks, disappeared just prior to her departure 
from the hospital. The patient failed to 
return for bronchoscopy, and the etiology of 
the pulmonary lesion, radiographically un- 
changed at the time of discharge, was not 
ascertained. The possibility of syphilitic 
involvement of the larynx or lungs could not 
be excluded with certainty. When seen at her 
home in April, 1947, the patient stated that 
she had been entirely asymptomatic since 
leaving the hospital. The sites of the cuta- 
neous lesions were marked only by hyperpig- 
mentation and minimal scarring. Further 
examination was refused except for a serologic 
re-check which was 4 plus in a dilution of 
1:256. The diagnosis was cutaneous ulcera- 
tive gummata with prozone phenomenon. 

Case 2. F. Y., a 71 year old colored male, 
was admitted to Gallinger Municipal Hospital 
on March 5, 1947, complaining of chronic 
ulcers on both legs for 2 years, undiagnosed 
as to cause and not benefited by attendance 
at several dermatologic clinics. Increasing 
dyspnea on exertion had been noted the 
past year. Approximately 50 years ago he had 
received local treatment for a penile ulcer. 

On admission the systolic blood pressure 
was 155, the diastolic 65. He was in conges- 
tive heart failure with regular rhythm and 
cardiomegaly with a systolic and diastohc 
aortic murmur. On the moderately edematous 
lower extermities, undermining ulcers were 
present with a striking hyperkeratosis of the 
surrounding skin (Fig. 3). The ulcers were 
covered with a grayish-white, foul exudate. 
Routine laboratory procedures were non- 
contributory. Cultures from the lesions 
revealed no significant bacteria or fungi, and 
biopsy was interpreted as chronic granuloma. 
The qualitative Kahn test was negative. 

The ulcers failed to improve despite 
vigorous local therapy and restoration of 
cardiac compensation. Because the diagnostic 
problem was similar to the first case, a 
quantitative Kahn test was obtained. It was 
positive in a titre of 1:2048. The complement 
fixation test at this time also was positive. 
Bismuth subsalicylate was administrated for 3 
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weeks followed by 10,000,000 units of peni- 
cillin. Healing occurred with residual atrophic 
scars following bismuth and penicillin therapy; 
he was discharged to tlie outpatient depart- 
ment. In view of the persistent high titre, 
(1:512) 5 months later he received an 
additional 6,000,000 units of penicillin. The 
quantitative titre then decreased to 1:256 and 
the originally negative qualitative Kahn was 
now a 2 plus positive. The diagnosis was 
gummatous ulcerations of the legs, syphilitic 
heart disease with aortitis and aortic insufB- 
ciency, and prozone phenomenon. 

Case 3. M. S., a 63 year old colored 
female, was admitted to Gallinger Municipal 
Hospital on April 8, 1947, complaining of a 
draining breast abscess since August, 1946. 
Biopsy during a prior hospitalization else- 
where in February revealed chronic suppura- 
tive mastitis. Therapy, including irradiation, 
was ineffective and she left the hospital with 
the breast lesion unhealed and draining. She 
was bedridden at home until the development 
of a decubitis ulcer prompted rehospitali- 
zation. 

She was afebrile on admission. Examination 
revealed a cronically ill, poorly nourished 
female with a large decubitus ulcer over the 
sacrum. An abscess occupied the upper, 
outer quadrant of the right breast. Multiple 
sinuses with a serosanguinous discharge were 
present. Centrally there was deep ulcera- 
tion with a malodorous, purulent material 
covering the base. There was no induration 
of the breast tissue and no regional lymph 
node enlargement. 

The hemogoblin was 12.8 gm. per 100 cc., 
the erythrocyte count was 2,840,000 per cu. 
mm., and the leukocyte count was 9200 per 
cu. mm. with 90% neutrophils. The corrected 
sedimentation rate was 46 mm. per hour 
(Wintrobe method). Culture from the breast 
lesions revealed Staphylococcus aureus, strep- 
tococci, proteus, and E. coli. No fungi could 
be cultured. Studies for acid-fast organisms 
including gastric washings were negative. 
Numerous determinations of serum proteins 
ranged from 5.04 gm. to 8.60 gm. per 100 cc., 
but unfortunately the levels were too fluctuant 
and erratic to be correlated with the clinical 
course. The albumin-globuhn ratio was not 
disturbed. The initial Kahn and Mazzini 
tests were reported as doubtful. Subsequent 
Kahn and Mazzini tests were positive, the 
former being 2 plus. A quantitative Kahn 
test was tlien obtained and was 4 plus in a 
1:128 dilution. Skeletal ,and chest roentgeno- 
gram were non-contributory. A biopsy o^f the 
breast revealed a subacute inflammatory’ 
reaction. 

On a high calory' and protein diet, intensive 
piurcnteral protein therapy, and local care of 
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tliu l)rf.i.st Icbion and decubitus ulcer, there 
uas no response except for a slight diminu- 
tion in tile amount of discharge from the 
breast lesion. In \ie\v of tlie positive serologic 
tists and the patient's failure to respond to 
therapv she w.is started May 3 on oismutli 
subsalicylate, 0.12 gm., twice weekly. Immedi- 
ate and m.irked improvement was noted in 
tile bre.ist lesion followed later by granula- 
tion of the decubitus ulcer. The patient was 
discli.irged June 21, 19-17, with both lesions 
coiiipletely Iiealed. 

This c.ise illustrates the pro/one phenom- 
enon III .1 patient with a chronic ulcerative 
lire 1 st lesion that healed during the bismuth 
till rape . 

C.'ssL !. P. B., a ‘1-3 year old colored male, 
u.cs relerred to Gallmger Municipal flospital 
in .\pril, 19 18, by the George Washington 
University .Medical Clinic with a diagnosis of 
.uieurjsiii of the right subclavian artery. Syph- 
ilis w.is denied .iiid several blood tests during 


1:256. The Wassemiann test was a 4 plus 
positive. The patient died suddenly 4 days 
following admission. Necropsy revealed a 
syphilitic aortitis; the aneurysm of the ascend- 
ing aorta had ruptured into the pulmonary 
.irterj' through the sinus of Valsalva of the 
posterior aortic cusp. This patient had cardio- 
vascular syphilis with the prozone phenome- 
non. 

Comment. The cases reported here 
(Table 1) demonstrate the prozone 
phenomenon as shown by negative or 
equivocal serological tests which be- 
came strongly positive upon dilution 
of the senim. 

In the first case (M. PI.), diagnosis 
was delayed over 7 weeks because of 
failure to consider the possibility of a 
prozone phenomenon. Prolonged hos- 


I'.VBLE l.-GLh\TCAL D.VT.-V OF CASES SHOWING THE PROZONE PHENOMENON 

Seroloy> Result of Trcatnicnt 


i'.ita n( 

Lt-sion'v 

Qualitative- 

Qu.intitative 

Clmjcnl 

Serological 

M.n. 

L'kvr.s of fate and arm 

Doubtful 

Negative 

Positive 

Negative 

1:2048 

Gure 

1:256 

F.T. 

Ultrrs of legs and 

G.irdiov.ivtular s) pliilis 

Negative 

1:2048 

Gurc of 
ulcers 

1:256 

.M..S. 

Ultcr of breast 

Doubtful 

1:128 

Guru 

— 

I’.B. 

Cardiov.istular syphilis 

Negative 

1:16 

Died 

- 

H..M. 

C.irdiov.nscul.ir sypliilis 

Negative 

1:236 

Died 

- 


tin* ftw \cars had been negative. Tlic 
sv>tohc blood pressure sv.is 130, the di.istolic 
70 III both .inns. The hc.irt vv.e> moderately 
iiilirgid. blowing di.istolic inurniur was 
hi-.ird .it the lift sti-rn.il border. The qualil.i- 
tivf K.ihii list vv.is negative, but a quantita- 
tive ti st vv.is I pills in a titre of 1:16. 
Vtteiiiptid lellophane wrapping confimicil 
the pristine of .III .inenrvsm. This patient 
with svphilitic heart disc.ive .md aneurysm 
I f llic siibii.ivi.ui .irtiry also demonstrates the 
j ro.-nne pin i.onu non. 

Gvsi 7. H. .M , a 66 ye.ir old white male, 
w.o sttii ia .inotliir hospit.il in June, 1913, 
1.1 .iiiitf lift vi ntriciil-ir failure. Examination 
riv. .1, il 111 irli d c.irdiac eiil.irgiment, 
oar. i-t d supr.i i.irdiac diillniss', aortic iiwiif- 
i.s. :.i V .lilt! a protixli.Lstohc gallop rhvthm. 
ii . gi ...)gr nil of tlie cbist revealed a 
• .. t olir ii.t urv sill of the .iscending aorta, cor 
>...ii.'.'i. a,";! [iiiliiio.'i ir_v tngorgeirienf. 'file 
■ ( .ll.’.ti'..' .% n.ii t. ,t VV.IS iiigalive; tile (Jllan- 
• K li.it ti .t was a plus in .1 dilution of 


pitalizntion and many e.xpensive diag- 
nostic tests resulted needlessly. The 
patient was seen by numerous compe- 
tent internists, dermatologists, syphi- 
lologists, and other consultants. The 
diagnosis of syphilis was not consid- 
ered due to the marked activity of the 
lesions and the negative serologic tests. 
The clinical characteristics of the le- 
sions and their prompt healing under 
aiiti.syphilitic therapy (bismuth) con- 
firmed the serological diagnosis of 
syphilis which was made eventually. 

The appearance of the breast lesion 
in the third case (M. S. ) had been 
altered by Roentgen-ray therapy, and 
the clinical features were characteristic 
of no specific lesion. Vigorous therapy 
directed at elevation of the depressed 
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serum proteins may have contributed 
significantly or solely to the recovery. 
The erratic reports of the serum pro- 
teins, however, make tlris a difficult 
factor to evaluate. On the other hand, 
the definite prozone phenomenon in the 
Kahn test and the failure to respond 
to therapy until bismuth was added 
suggests a syphilitic basis for the breast 
lesion. 

The second, fourth, and fifth cases 
clearly demonsti'ate tiiat the prozone 
phenomenon represents one cause for 
the negative serologic tests frequently 
reported in cardiovascular syphilis. 

The variability of different serums 
should keep the clinician constantly 
alert and suspicious of the serology re- 
ported as negative. The routine use of 
2 serological tests of different sensitiv- 
ity or the use of flocculation and com- 
plement-fixation tests is highly desir- 
able. Clinical suspicion of a possible 
syphilitic process should always prompt 
quantitative studies when routine sero- 
logical studies are negative or equiv- 
ocal. The routine use of the quanti- 
tative test, although desirable, is not 


practical in most laboratories due to 
the additional work involved. 

Summary and Conclusions. Five cases 
of late syphilis with the prozone phe- 
nomenon are reported. On the basis of 
these cases and the investigation of 
others in this field, it is concluded that 
due to the prozone phenomenon, nega- 
tive or doubtfully positive serologic 
tests do not exclude the presence of 
late active syphilis. 

The prozone phenomenon is not re- 
stricted to any particular form or stage 
of syphilis, occurring in active and la- 
tent syphilis, in congenital or acquired 
forms, in central nervous system, skin, 
and other types of involvement, but 
has never been reported in primary 
syphilis. It is a not uncommon cause 
of negative serologic tests in cardiovas- 
cular syphilis. 

Two diagnostic tests of varying sen- 
sitivity should be employed routinely 
in the serodiagnosis of syphilis. If im- 
practicable or if clinical manifestations 
suggest the possibility of a syphilitic 
condition despite negative or equivocal 
tests, quantitative serological tests 
should be done. 
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There has been a renewed interest 
in the phenomenon of acute azotemia 
not due to acute or chronic nephri- 
ti.s^'-‘ and several mechanisms have 
Itecn advanced to e.vplain tlie dimin- 
ished urinary output. It has been sug- 
gested that the damage to renal vas- 
culature and parenchyma in anuria fol- 
lowing burns,' shock, ^ premature pla- 
cental separation, and crushing trau- 
ma''- ' is due to a circulating to.xin and 
there is e.xperimental evidence diat 
such a to\in may e.xist in macerated 
muscle.-’''^ Some cases of sulfonamide 
poisoning may fall into this group.'*’-" 
,\nother mechanism offered to account 
for anuria or oliguri.i associated with 
shock-like states is a diminished renal 
blood flow and consequent tissue ano.xia 
which depends upon the general fall in 
arterial blood press u re.''’'' 

■fliat anuria in shock might be the re- 
sult of a mechanism unrelated to the 
.ilteration in circulatory dynamics is 
ii'dicated by the demonstration of the 
presence of a humoral antidiuretie 
substance in subjects in the post- 
s)tico{)a! st.ite." A third mechanism 
is sii'^gested by the e.\periuients of 
Tniet.i .ind others-' demonstrating re- 
;!e\ nervous constriction of renal corti- 
v.i! circulatory p.ilhw.ivs. Stimulation 
>'t the provimal ends of severed peri- 
pht r.i! liervcs resulted in a diversion 

((Ml) 


of the renal blood flow “wholly or 
partly from the cortex and short-cir- 
cuited it through medullary (especially 
subcortical) blood channels” thereby 
rendering the cortex ischemic. There 
has been considerable discussion as to 
which of these mechanisms is re- 
sponsible for the acute azotemias oc- 
curring under the different circum- 
stances mentioned. The great diversity 
of anatomical changes, all the way 
from severe cortical necrosis"’'" and 
lower nephron nephrosis"" to minimal 
changes in the pro.ximal tubules' sug- 
gest tliat one or more of these mechan- 
isms may operate at different times and 
that no one can adequately e.xplain the 
findings in all cases. Recently, Bell and 
Knutson* reported 8-1 cases of azotemia 
occurring terminally in a variety of 
conditions in which the kidneys were 
anatomically normal in all but 20 cases, 
and these showed only mild to severe 
liydropic degeneration of the j^roximal 
convoluted tubules. 

In view of the apparent rarity of re- 
covery from severe degrees of acute 
azotemia, it seemed important to re- 
port 5 cases which, because they sur- 
vived and subsequently showed ade- 
c|uate renal function, probably repre- 
sented cases similar to those of Bell 
and Knutson' rather than those with 
more severe degrees of structural 
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change. That these 5 cases recovered 
on vigorous therapy with fluids intra- 
venously and by mouth suggests that 
dehydration may have affected renal 
hemodynamics sufficiently to result in 
acute nitrogen retention. 

Case Reports. Case 1. A 55 year old 
woman was transferred to Goldwater 
Memorial Hospital on November 17, 1946, 
from an institution for indigent homeless 
because of diarrhea of 3 days’ duration. 
She had been treated with both sulfa- 
succidine and sulfadia2ine without im- 
provement and was sent to the hospital 
when listlessness and oliguria developed. 
Her past history was irrelevant except for 
hypertension and a sudden left hemiplegia 
at the age of 47. 

Physical examination revealed an obese 
woman who was weak and lethargic and 
incontinent of urine and feces but who 
responded when roused. Her skin was dry 
and her Longue coated. The heart was 
slightly enlarged to the left and there was 
a soft apical systolic murmur. Blood 
pressure was 132/90 mm. of mercury. 
The abdominal wall was lax and redundant 
and was slightly edematous. There was 
minimal edema of ankle and thigh. There 
was evidence of a residual left hemiplegia 
with hyper-reflexia, Babinski and Hoff- 
man signs were present on that side. 

On admission, urine examination showed 
a specific gravity of 1.010 and l-f- albu- 
min. The centrifuged sediment contained 
a few erythrocytes, 10 to 20 leukocytes 
and many granular casts per high power 
field. Sulfonamide crystals were not 
seen. Culture showed B. proteus. Red 
blood cell count was 4,100,000, leuko- 
cytes 10,700 per c.mm.; hemoglobin 13.0 
gm. The blood urea nitrogen was 126.4 
mg. per 100 cc. and the sulfadiazine level 
4.5 mg. Stools were guaiac-positive but 
negative on culture for pathogens. The 
chest was clear on Roentgen-ray photo- 
graphy. Electrocardiograms showed pro- 
longation of the Q-T interval, depression of 
the S-T segment in Leads I, II, and CF^ 
and depression of the T wave in leads I 
and CF4. 

The impression was that of azotemia 
due to dehydration and therapy with in- 


travenous fluids was initiated. The blood 
urea nitrogen rose on the following day 
to 137.5 mg. per 100 cc. but then fell 
progressively to normal over a period of 
9 days. The diarrhea subsided spontan- 
_ eously during the next several days after 
admission. The patient became alert. In 
an electrocardiogram taken after recovery, 
the Q-T interval had decreased and the 
other abnormalities had disappeared. 
Maximum urine specific gravity rose to 
1.015 and the urea clearance was estab- 
lished at 68% of normal. The urine 
cleared gradually and at discharge showed 
only a trace of albumin and occasional 
leukocytes. 

Case 2. A 78 year old Irish male was 
hospitalized at Goldwater Memorial Hos- 
pital on December 10, 1946, because of 
dian-hea of 6 days’ duration which failed 
to respond to paregoric or sulfadiazine. 
He grew progressively weaker and became 
severely dehydrated. Digitalis was given 
when the blood pressure fell from 170/90 
to 115/80 mm. of mercury. 

On physical e.xamination, he was dis- 
oriented and semicomatose. The skin was 
dry, the eyeballs soft and the tongue, 
palate and pharynx coated with a brown 
deposit. Breath sounds were distant and 
the chest hyperresonant. The rhythm of 
the heart was irregular and shown by elec- 
trocardiogram to be due to a wandering 
pacemaker. Blood pressure was 110/60 
mm. of mercury. The abdomen was 
doughy. The radial arteries were mark- 
edly sclerotic. The hands- and feet were 
cool and showed a purplish mottling. 

On admission, the urine revealed 1-f- 
albumin and on microscopic e.xamination, 
rare erythrocytes, 3 to 5 leukocytes and 
occasional casts per high power field. 
Sulfadiazine crystals were not seen. There 
was hemoconcentration. Stool cultures 
were negative for pathogens. Blood urea 
nitrogen was 154.4 mg. per 100 cc. 

The patient was considered to be suf- 
fering from azotemia secondary to de- 
hydration and the administration of intra- 
venous fluids consisting of 5% glucose 
in physiological saline and distilled water 
was begun. On this regimen, drowsiness 
lessened and by the 4th day, adequate 
fluid intake was managed orally. The 
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(liarrliea responded slowly to sulfasuc- 
eidiiie and iiRr.ivenous fluids but the blood 
urea nitrogen fell promptly to 18.5 mg. on 
the loth hospital day. Digitalis was dis- 
continued and was not further required. 
St.ind.ird urea clearance, shortly after 
clinical recovery, was 25% of normal and 
1 months later rose to 43% of normal. 
Blood urea nitrogen w’as 24.5 mg. and 
urine specific gravity I.OIS at this time. 

< (i.>e 3 . The patient, a 74 year old 
colored female was transferred from an- 
otliei hospital to Goldwater Memorial 
Hospital on July 7, 1944, because of gan- 
grene of the right big toe. She was a 
known h> pel tensive of about 4 years’ dura- 
tion and w.is lairly well until about 4 
months prior to admission when she de- 
veloped a soic on the right big toe which, 
111 spite of various attempts at therapy, 
heeanie gangrenous. 

Phvsical examination revcsiled an eldeily 
colored female in no apparent distress. 
.Vreus seiiihs was present. The heart was 
enlarged to the leh. There was a systolic 
innnniir at the apex. ’Fhe abdomen was 
iiorm.il. The right big too was malodorous 
and necrotic. The dorsalis pedis and 
popliteal pulsations were bilaterally absent. 

On admission, the urine ev.unination 
showed a trace of .ilbiimin .iiid the specific 
gravity w.is l.Ol J. The blood urea ni- 
trogen vv.is 15.1 mg. Blood W'asserm.inn 
was ncg.ilive. The electrocardiogram 
>howid a left deviation of the electrical 
.IMS. Boentgeii-r.iv rev e.ilcd that the heart 
W.IS ciil.irgcd to the left. The ,iorta was 
dll. lied .md c. deified. Boentgen-r.iy of the 
lower evlreiiiities showed c.dcific.ition of 
v^^^eIs .ind litc.dcilicMlion of bones. 

In Julv, i'JIl. the p.itieiit's right big 
ti e vv.is .inqmt.itcd. "Ihe course following 
the oiur.itioii W.IS uneventful until a bout 
Ilf brill, eho-piit unioni.i occurred in Deceni- 
i>i f. l‘tn. In J.imi.irv, 1917 , the patient 
w ii tr.inifi rii d to the nudic.il service 
l'e.ai-.i' ot slowlv developing ilv>pnc.i, 
I tti.opiK.i. tnlernntlint subitem. il disconi- 
t, rt. .: ! I dill' I d-ip.ti- the u,f <if eligi- 
t.Ii. ua! iniinoniiiin chlondf. Because 
> ei, ... > if !u'. tr fvln initii s w.is ni.irktd 
n il e< 11 ; 1,1 oi hingi bv Hoe ntge ii-r.iy 

■ >> ’i; .1, . imreiipiimi tienpy was 

:..r!.d ri)!!i,.'.ing r liiu r liher.d adnunu- 


tration of this diuretic, the patient became 
disoriented and drowsy on Feburary 10, 
1947. The tongue and skin were dry. 
Involuntary tvvitchings of the muscles of 
e.xtremities were observed. Blood urea 
nitrogen was found to be 89.2 mg. per 
100 cc., carbon dio.xide combining power 
30 volumes % and calcium 10.4 mg. per 
100 cc. Parenteral fluids were adminis- 
tered by clysis but apparently in insuflS- 
cient quantity because she became even 
less responsive, reacting only to painful 
stimuli. Her abdomen became markedly 
distended. Three days later (February 
13, 1947), blood urea nitrogen was 114 
mg. and the carbon dioxide combining 
power 23 volumes %. Intravenous fluids 
were tlien given copiously and the patient 
began to improve. The blood urea nitro- 
gen fell rapidly to normal values, the 
carbon dio.xide combining power returned 
to noimal and the patient improved great- 
ly. Renal function studies after recovery 
showed phenolsulfonphthalein excretion 
of 40% at the end of 2 hours and urea 
cle.irance of 53% of normal. Subsequent 
urinalyses showed specific gravities of 1.010 
to 1.012 with a trace of albumin. The 
p.itient’s renal status has remained un- 
ch.mged since. 

Case 4 - The patient, a 70 year old 
Puerto Ric.m m.m was tiansferred from 
another hospital to Goldwater Memorial 
Hospital with a diagnosis of hypertensive 
and arteriosclerotic heart dise.ise and pos- 
sible cirrhosis of the liver. Patient's his- 
torv' W.IS very difficult to obtain because 
of his stupor and language difficulty. He 
VV.IS .ipp.ircntly well until about 4 months 
prior to hospitaliV.itioa when he began 
to compl.iin of cpig.istric pain and occa- 
sioii.il bouts of vomiting .md noticed loss 
of weight. Subsequently, he experienced 
bouts of prccordi.il pain and edema of the 
ankles. There was no history of d)spnca 
or orthopnea. Progressively failing vision 
beginning 4 years prior to admission lead 
to enncie.ition of tiie left eye. Otherwise, 
his p.ist historv was uneventful. .At the 
hospit.d from which he vv.is transferred, 
the level of tre.itiin'ne in the blood w.is 
saiil to he 3.5 mg. per 100 cc. and the 
1)Io<k1 ure.i nitrogen 10.5 mg. His blood 
Kahu was negative. 
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On admission, the patient appeared 
acutely ill and semi-stuporous. He showed 
evidence of weight loss and considerable 
dehydration. There was no dyspnea or 
orthopnea. His left eye was enucleated 
and the right eye showed a corneal 
opacity. His tongue was dry and coated. 
His lungs were clear to percussion and 
auscultation. The heart was enlarged to 
the left. There was a faint systolic mur- 
mur at base and apex. Blood pressure 
was 150/70 mm. of mercury. There were 
no abdominal masses palpable. The ex- 
tremities were not edematous and arterial 
pulsations were good. 

On admission, hemoglobin was found 
to be 14.0 gm. red blood cell count 7,000,- 
000, white blood cell count 10,800 per 
c.mm., and hematocrit 56%. The urine 
showed a specihc gravity of 1.009, a trace 
of albumin and 20 to 30 leukocytes per 
high power field. The blood urea nitro- 
gen was 98.8 mg. per 100 cc. The total 
serum protein was 7.8, albumin 4.1 gm. 
per 100 cc. On the following day, after 
institution of intravenous fluids, the red 
blood cell count had fallen to 4,200,000 
per c.mm., the hematocrit to 43%. How- 
ever, the blood urea nitrogen remained 
elevated (112.3 mg. with a carbon dioxide 
combining power of 49 volumes %). 
Total protein was 5.6 gm. per 100 cc. 
after institution of therapy. The choles- 
terol was 191 mg. The calcium was 9.2 
mg. and the alkaline phosphatase was' 11.9 
King -Armstrong units. Roentgen- ray 
photograph of the chest showed a slight 
accumulation of fluid at the right base. 
The remainder of the pulmonary field was 
clear. The heart was enlarged and the 
aorta somewhat widened and tortuous. 
The electrocardiogram was essentially nor- 
mal. The admission impression was hy- 
pertensive and arteriosclerotic heart dis- 
ease. The renal lesion was thought to be 
chronic glomerulonephritis or chronic 
pyelonephritis with uremia. 

The patient v^^as treated rather vigor- 
ously with infusions of glucose in saline 
and glucose in water and intramuscular 
penicilhn. Although the prognosis was 
very grave because of semi-coma, Cheyne- 
Stokes breathing and the high level of 
urea nitrogen in the blood, the patient 


began, gradually but definitely, to improve. 
Lethargy gave way to alertness and the 
patient became oriented. The blood urea 
nitrogen level fell from 112 mg. to normal. 
The improvement took place during a per- 
iod of 2 weeks. 

Following recovery, investigation show- 
ed that the patient had relatively good 
renal function. The phenolsulfonphtha- 
lein excretion was 57% at the end of 2 
hours. The urea clearance was 83% of 
normal. Fishberg concentration test yield- 
ed a specific gravity of 1.020. The urine 
gradually cleared. Further renal studies 
showed a filtration rate of 76 cc. per 
minute (normal, 100 to 125 cc. per min- 
ute), para-arnino hippuric acid clearance 
of 320 cc. per minute (normal 400 to 600 
cc. per minute). The urine flow was 3 
to 4 cc. per minute. Retrograde pyelo- 
gram was essentially normal. He was 
discharged to be followed in the out-pa- 
tient clinic. It was believed that the 
patient’s principal difficulty was dehydra- 
tion which resulted in prerenal azotemia. 
The cause of the dehydration was not 
ascertained. 

Case 5. The patient, a 56 year old 
widow, was admitted to Lenox Hill Hos- 
pital on April 23, 1947, for possible in- 
testinal obstruction. Her chief complaints 
were nausea, vomiting, mild dyspnea, and 
obstipation of 11 days’ duration. This was 
preceded by epigastric pain which per- 
sisted for 2 days. She had no bowel 
movements, but did continue to pass flatus. 
Vomiting 3 or 4 times a day persisted. 
The vomitus was bile stained but never 
fecal in character. In the week prior to 
admission, she had moderate degree of 
lower abdominal pain aggravated by mo- 
tion and became extremely weak. 

Ten years ago, she had been told that 
she had heart disease. One year ago, she 
began to have ankle edema and exertional 
dyspnea that became rather marked on 
climbing one flight of stairs. She was 
put on digitalis leaf, 0.1 gm. a day, which' 
she continued to take until 2 months prior 
to admission, when she discontinued the 
drug. - 

On physical examination, she was e.x- 
tremely lethargic and acutely ill. Hy- 
perpnea was marked and a uremic odor 
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w.ii noted on her breath. Her pupils were 
etjual, round, widely dilated and did not 
re.ict to liglit. E\e grounds were es- 
sentially normal. The tongue was beefy 
.ind drv. A few scattered rales were heard 
at lioth lung bases posteriorly. Blood 
pressure was lOO/SO mm. of mercury. 
Heart sounds were distant and of poor 
(luality. A soft blowing systolic murmur 
ss’as heard over the entire precordium. 
Iloentgen-ray examination of the heart 
resealed some enlargement of the left 
sentricle and calcification and dilation of 
the arch of the aorta. The electrocardio- 
gram svas essentially normal with the e.x- 
ceptimi of slight slurring of the QRS com- 
plex and a prolongation of the P-R interval 
('0.22 sec.). The abdomen was but slightly 
distended and the liver edge was palpable 
1 cm. below the costal margin. There 
was slight edema of the legs and arms. 
Refh’xcs were present but sluggish. 

Tite blood urea nitrogen svas found to 
be 110 mg. per 100 cc. and the carbon 
tlioxide combining power was 22.3 vol- 
umes •'1. Hemoglobin was 12 gm.; 
red cell count was -1 3 million per c.mm.; 
leukocvtcs numbered 16,300 per c.mm. 
ssith 87'“! gr.inulocs tes. Plasma chlorides 
were 58-1 mg. per 100 cc. (e.vpressed as 
sodium chloride). Urine was pale yellow 
ssith a specific gr.ivitv of 1.002. Micro- 
scopic eramination of the urine revealed 
iiiiU' otc.isioii il Itvaline and uranular casts 
and ,d«iuf lO ssbile blood cells per high 
pinv t r field. 

1 1ms the p.itient, who appe.ired to hax'c 
.III inteslin.il obslmction, w.is quite ob- 
smnsU in a state of iiremi.i. The presence 
of ,111 olistructise lesion also remained a 
p<i>,ibilitv. but in the absence of marked 
distention .md ssith the persisting pass.ige 
of tl.itus, this sv.is' fluuigiit to be, at most, 
,ui iiicompL'te one. Hence the uremia 
sv.is toiisidef, <1 the m.i/n problem and she 
ss I, .11 1 ordinglv given finids' to the extent 
of to 2000 cc. d Ills' in the form of 

in distilled siafer, at first intra- 
s.r.MisIv. and thereafter hv els sis, ,\fter 
lu uatiil Slime infusion, further sodium 
ss IS ssitl.!e-M bsc.iuse of luT c.irdi.ic status. 
l>nn:ig p. rii (!> svln n she ssa» reactive, she 
niiiind n.ent.illv confuseti and dis- 
e.'i' bl.e jhu'.std ciJiuidtrable mus- 


cular irritability but had no convulsions. 
Urine output was quite small for the first 
3 days, totalling about 500 cc. There- 
after, it increased and averaged about 
800 cc. daily. The urine was poorly con- 
centrated (.specific gravity below 1,005) 
and svas negative for albumin. At no 
time did microscopic e.xamination of the 
sediment show more than occasional casts, 
white blood cells and red blood cells. 

An episode of acute pulmonary edema 
occurred on the 5th day of hospitalization 
for which she was digitalized. Several 
days later, slosv auricular fibrillation (ven- 
tricular rate of 90 per minute) was found 
to be present. The rhythm failed to revert 
to normal sinus with quinidine. For nearly 
2 weeks, she remained in a semi-stuporous 
state and had no bowel movements. She 
was, however, taking nothing by mouth 
and, since she continued to pass flatus and 
distention did not develop, she was not 
thought to be obstructed. Blood urea ni- 
trogen had risen by the 11 th hospital day 
to 153 mg. per 100 cc. Muscular twitch- 
ing became marked and a loud pericardial 
friction rub developed. Then, during the 
next few days, she began to improve 
symptomatically, became more alert and 
oriented and took small amounts of fluid 
by mouth. The muscular irritability and 
pericardial friction rub disappeared. By 
the l‘lth hospital day, blood urea nitrogen 
had dropped to 80 mg. and the carbon 
dioxide combining power bad risen to 
32 volumes Following this, she pro- 
gressed rapidly and 2 weeks later, the 
blood urea nitrogen was 12.5 mg. The 
clinical picture had shown an equally 
dr.imatic improvement. 

Urea clearance done at this time was 
■12% of normal and the .ma.ximum urine 
concentration obtained w;ls a specific grav- 
ity of 1.01-L It was evident that some im- 
p.iinnent of kidney function was present 
but even assuming that her kidney func- 
tion w.is the same before this episode (it 
may well have been better), it w.is not in 
itself sufficiently impaired to have account- 
ed for the development of uremia. 

The course w.is' thereafter uneventful. 
With ingestion of food and fluids, there 
followed normal bowel function and 



TABLE 1. URINE AND BLOOD ANALYSIS VALUES DURING ILLNESS AND AFTER RECOVERY IN 5 CASES OF UREMIA 


LEFF, KOSENBERG, EISENMENGEB, STEELE: RECOVERY FROM UREMIA 671 



1.002 10 WBC. Occasiomil 0 153.0 22.3 1.014 Normal 0 42 12.5 

liyaline and granular 
casts. 
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PHILADELPHIA, 

It is common knowledge amongst 
oncologists and radiotherapists that 
the incidence of herpes zoster in 
Hodgkin’s disease,^® leukemia and 
metastatic carcinoma is greater than in 
the population at large, although statis- 
tics on the subject are not available. 
On the basis of large surveys, herpes 
occurs in the proportion of 1 to 2% of 
all diseases of the skin,® while in the 
period of 1925 to 1935 it was observed 
in 0.06% of 200,000 admissions to Belle- 
vue Hospital in New York.® With the 
e.xception of the studies by Pancoast 
and Pendergrass^®, and Graver and 
Haagenson, ® most previous papers 
have been concerned with single case 
reports of herpes zoster in carcinoma 
and allied diseases. The observance of 
16 cases of this disease entity in a sur- 
vey of 406 cases of carcinoma of the 
breast, giving an incidence of 4%, 
prompts this clinical presentation. 

Herpes zoster is generally conven- 
iently classified into 2 groups: The 
idiopathic or primary, and the sympto- 
matic or secondary, forms. The idio- 
pathic herpes occurs in otherwise 
normal individuals, and characteris- 
tically produces a vesicular eruption 
which follows a zonal or segmental 
distribution and is accompanied by 
fever, leukocytosis and marked pain. At 
times the eruption may be delayed in 
onset, and the pain may simulate that 
of a “surgical abdomen”. The local 
skin lesion is self-limited. However, 
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post-herpetic pain may become a very 
distressing aftermath which may lead 
the patient to the radiotherapist if the 
early lesion has not had the benefit of 
irradiation. 

In 1864, Mitchell, Morehouse and 
Keen^® showed that irritation and not 
section of a nerve was the cause of 
zoster and similar eruptions. Later, in 
1872, MitchelB® indicated that at some 
time in the history of a nerve injury it 
is common to see certain forms of erup- 
tion, which are herpetic, vesicular, or 
in the shape of bullae. 

Head and CampbelB® in 1900 in an 
elaborate paper gave a large number of 
facts regarding the origin and distri- 
bution of zoster. They found destruc- 
tive changes in the posterior ganglia of 
the spinal cord and in the Gasserian 
ganglion, and degeneration in the 
nerves leading to the skin. They con- 
cluded that some agent chooses the 
posterior root ganglion for its selected 
activity, producing profound inflam- 
matory changes, which in time give 
rise to the irritation of its nerve 
elements. In 1902, Van Harlingen^'^ 
reviewed the reports as to the origin 
and nature of herpes zoster. 

The present day conception of the 
disease regards a flitrable virus as the 
causative agent. Many workers in the 
field believe there is a close relation- 
ship between the virus of varicella and 
that of herpes zoster.® However, this 
claim lacks unanimity.® 

Hospital of the University of Pennsylvania) 
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Secondary or symptomatic herpes 
has an obscure arid mixed etiologic 
background, having been observed 
during and following a variety of 
disease entities. It is seen during the 
course of many infectious diseases such 
as pneumonia, influenza, meningitis, 
and tuberculosis. In addition, it has 
followed trauma, pressure from a 
spinal cord tumor,^^ intoxication by 
poisons, and various neoplastic diseases. 
Carriere'^ in 1895 reported a case of 
femoro-cutaneous zoster following can- 
cer of the uterus. Although there was 
no cancerous infiltration of the nerve, 
there was parenchymatous neuritis and 
he thought that the neuritis was due to 
a local and direct action of cancer 
toxins. The obscure pathogenesis has 
prompted numerous reports of unusual 
inciting agents. Considering the re- 
puted frequency of herpes zoster 
in cases of cancer. Graver and 
Haagenson® stated that, “it is peculiar 
that there are not more of these cases 
on record”. 

Idiopathic herpes zoster was sub- 
jected to careful histologic study on 3 
autopsied cases by Denny-Brown and 
Adams.'^ These workers found degen- 
eration of related motor and sensoiy 
roots, severe neuritis, unilateral seg- 
mental poliomyelitis, and localized 
leptomeningitis. They concluded that 
the phenomena of herpes zoster 
required more than the ganglionic 
lesion for their explanation, but depend 
in part on a poliomyelitis and motor 
neuritis. 

Symptomatic zoster is seen in fairly 
frequent association with Hodgkin’s 
disease. Pancoast and Pendergrass^® in 
1924 reported 4 cases of herpetiform 
eruptions in Hodgkin’s disease and 1 
case in ovarian sarcoma. They thought 
tliat herpes zoster occurred much 
more frequently in malignant con- 
ditions than generally was believed. 
Graver and Haagenson® encountered 7 
cases of herpes zoster (2.1%), in 329 


cases of lymphosarcoma, Hodgkin’s 
disease, and leukemia. To them the 
clinical data suggested that the herpes 
zoster was due to involvement of the 
nervous structures by the tumor proc- 
ess. Barton and O’Leary,^ who were 
able to demonstrate a leukemic infil- 
trate in the zosteriform lesion in a case 
of generalized herpes zoster, regarded 
the herpetic lesion as merely the 
“traumatic stimulus” which caused an 
influx of leukemic infiltrate into the 
affected site. Sometimes the zosteri- 
form infiltrate is noted as late as 6 
months after the appearance of herpes 
zoster.- 

The existence of a symptomatic type 
of herpes zoster brought on by tumor 
metastases is denied by some investiga- 
tors. Mumme^'* autopsied a case in 
which herpes zoster developed in the 
territory of the 11th and 12th thoracic 
and 1st and 2nd lumbar ganglia in a 
patient afflicted with metastatic semi- 
noma of the 12th thoracic vertebra. 
The 12th thoracic spinal ganglion was 
shown histologically to be entirely 
destroyed by tumor masses which 
contained within them inflammatory 
infiltrates. The 11th thoracic and 1st 
and 2nd lumbar spinal ganglia were 
completely free of metastatic semi- 
noma, but exhibited a non-suppurative 
spotty inflammation with plasma cells 
indicating a true ganglionitis. Mumme 
denies a symptomatic zoster because 
there was no chronological relationship 
between the destruction of the 12th 
spinal ganglion and the appearance of 
the herpes zoster, although the conclu- 
sion about the time relationship is not 
very clear from the case lustory. In 
addition, the zoster did not limit itself 
to the territory supplied by the 12th 
thoracic ganglion, but extended also to 
include tlie 3 adjacent vertebrae. The 
inflammatory changes which in greater 
or lesser degree were present in all 4 
spinal ganglia presented exactly the 
same histological picture as those 
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customarily found in zoster of virus 
etiology. The seminoma metastases, in 
Mumme’s opinion, merely acted as a 
predisposing factor to the invasion of 
the virus and the appearance of the 
disease. 

WohlwilP® expressed a similar opin- 
ion concerning etiology as a result of 
his histological study. He found the 
involvement of the spinal ganglia was 
not constant either in the idiopathic or 
secondary type. While the dorsal gan- 
glion was most frequently the site of 
involvement, the findings suggested 
that it could be produced by involve- 
ment of any point in the afferent por- 
tion of the reflex arc. 

Clinical Material. The records of 406 
cases of carcinoma of the breast seen 
by us at this hospital from 1932 to 1939 
were investigated to complete previous 
studies at this institution on this sub- 
ject. Sixteen cases of herpes zoster 
were encountered, in 12 of whom there 
was evidence of metastatic disease 
either before or after the appearance of 
the cutaneous disease. The remaining 4 
cases survived between 6 and 12 years 
after the herpetic attack with no evi- 
dence of metastatic malignancy. 

Case Abstracts. Case 1. S.S., a 37 year old 
white female, had a left radical mastectomy 
performed April 29, 1937 for a mass observed 
4 weeks earlier. The pathologist reported a 
‘sciirhous carcinoma with metastases to axil- 
lary nodes.” Received postoperative irradiation 
to involved side beginning May 8, 1937. Re- 
cuirences in scar removed May 1939 and 
September 1939. Metastases to left axilla and 
6th thoracic vertebra appeared May 6, 1940, 
to left upper lobe on Sept. 12, 1940, and 2nd 
lumbar vertebra on Jan. 13, 1942. Herpes 
zoster also appeared, but date and distribution 
not stated. Died Aug. 7, 1943. 

CvsE 2. J.H., a 42 year old white female, 
had a left simple mastectomy performed Sept. 
10, 1936 for a mass present IS months. Re- 
ceived preoperative and postoperative Roent- 
gen therapy, the latter including the opposite 
breast beginning Oct. 8, 1936. Pathologist re- 
ported “adenocarcinoma.” On March 16, 1937 
developed metastases to right ilium, 9th and 
12th thoracic, and 2nd lumbar vertebra, 
lleipes zoster involving the left 1st lumbar 


distribution appeared Sept. 15, 1937. The 
sacrum, coccyx, and right acetabulum re- 
vealed metastases on Nov. 26, 1937. Died 
September 1939. 

Case 3. G.D., a 49 year old white female, 
had a left simple palhative mastectomy per- 
formed April 28, 1937 for a mass present for 
11 months, together with supraclavicular 
adenopathy and skin nodules. Pathologist re- 
ported “adenocarcinoma.” Received preoper- 
ative and postoperative Roentgen therapy, 
the latter including the opposite breast. Herpes 
zoster appeared in July 1937. Segments in- 
volved not reported. Generalized metastases 
on Sept. 17, 1938. Alive with malignancy 
when last seen on Dec. 17, 1938. 

Gase 4. E.M., a 35 year old white female, 
had a right radical mastectomy performed 
Dec. 22, 1934 for a mass present 1 month. 
Pathologist reported “carcinoma with meta- 
stases to axillary nodes.” Pre-operative Roent- 
gen-ray therapy administered. Metastases 
noted in right ilium on Nov. 15, 1934, die 9th, 
11th, and 12th thoracic vertebrae on Novem- 
ber 2, 1935, and the odontoid on Aug. 29, 
1936. Herpes zoster appeared on right side. 
Date and segments involved not stated. Died 
Oct. 22, 1936. 

Case 5. I. W. F., a 71 year old white fe- 
male who was seen elsewhere for a mass in 
the right breast. No operation was performed, 
but Roentgen-ray therapy of unknown amount 
and factors was administered. Developed 
herpes zoster involving right 4di and 5th 
thoracic segments. Roentgen examination on 
Aug. 3, 1938 revealed metastatic disease in- 
volving the 5th thoracic vertebra. Died June 
1939. 

Case 6. M. L., a 60 year old white female, 
had a left radical mastectomy performed 
June 16, 1939 for a mass which had been 
present for 2 years. The axilla was not com- 
pletely dissected. Pathologist reported “adeno- 
carcinoma with metastases to a.xillary nodes.” 
No postoperative irradiation was administered. 
On Jan. 15, 1940, metastases developed in the 
left axilla and supraclavicular areas. On Sept. 
8, 1942, metastases appeared in left internal 
mammary nodes and right breast. On Jan. 22, 
1943, a bilateral pleural effusion and herpes 
zoster on the left side appeared. Segments 
involved by herpes not stated. Died July 27, 
1943. 

Case 7. C.V., a 43 year old white female, 
had a right radical mastectomy performed Jan. 
13, 1933 for a mass present 1 year. Pathologist 
reported “carcinoma with metast.ises to axil- 
lary nodes.” Received postoperative Roentgen- 
ra\' therapy, including opposite breast. On 
Sept. 23, 1933, developed metastases to skin, 
right axilla, and possibly liver. Herpes zoster 
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involving right 7th and 9th intercostal nerves 
appeared, but date not noted. Died Dec. 14, 
1933. 

Case 8. R. T., a 45 year old white female, 
had a left radical and right simple mastec- 
tomy performed on April 19, 1935. Patholo- 
gist reported “carcinoma of left breast with 
lymph node metastases.” Postoperative Roent- 
gen therapy administered to both sides of 
chest beginning May 20, 1935. Herpes zoster 
appeared on left side on Oct. 28, 1936. Seg- 
ments involved not stated. Pulmonary meta- 
stases noted Jan. 8, 1937. Died April 1937. 

Case 9. C, G., a 57 year old white female, 
had a right radical mastectomy performed 
elsewhere on Nov. 15, 1932 for a mass present 
for 6 months. Pathologist reported “medullary 
carcinoma.” Postoperative Roentgen therapy 
administered to both sides of chest beginning 
Jan. 4, 1933. Herpes zoster noted on right side 
in May 1934. Segments involved not stated. 
Died April 1935 with evidence of cerebral 
metastases. 

Case 10. W. H. B., a 45 year old white 
female, had a right radical mastectomy per- 
formed elsewhere in May 1935 for a mass 
that had been present for 8 months. The 
pathological report was not available. Post- 
operative Roentgen-ray therapy was adminis- 
tered to both sides of the chest. Pulmonary 
metastases and recurrence in the scar ap- 
peared on Aug. 8, 1935. Herpes zoster was 
noted on April 28, 1936, the location and 
distribution being unspecified. Metastases ap- 
peared in the left breast on Oct. 30, 1936. 
Patient was last seen alive witli malignancy 
on Oct. 30, 1936. 

Case 11. L. J. H., a 75 year old white fe- 
male, had a right radical mastectomy per- 
formed elsewhere in May 1932 for a mass 
present for 15 months. Postoperative Roent- 
gen-ray therapy was not administered. A re- 
currence developed in the scar in February 
1933. Hemes zoster appeared on the right 
cliest on Sept. 6. 1933. Segments involved 
not stated. Internal mammary node metastases 
were noted on Jan. 3, 1934. Patient died 
March 22, 1935. 

Case 12. E. L., a 75 year old white female, 
had a right radical mastectomy on Oct. 1, 
1936 for a mass which had been present for 
5 years. Pathologist reported “adenocarcinoma 
\vith lymph node metastases.” Postoperative 
Roentgen therapv begun Nov. 4, 1936. Hemes 
zoster develoned on right thoracic wall on 
March 24, 1937. Segments involved not stated. 
Died Sept. 21, 1938 with malignancy. 

Case 13. R. S., a 74 year old white female, 
had a left simple mastectomy performed on 
May 15, 1935 for a mass present for several 
months. Pathologist reported “duct t)'pe of 


adenocarcinoma.” Received postoperative 
Roentgen therapy, including opposite breast. 
Developed right herpes zoster facialis on 
Sept. 26, 1938. Alive and well on Dec. 6, 
1944. 

Case 14. D. A. H., a 64 year old white 
female, had a left radical mastectomy per- 
formed Nov. 15, 1932 for a mass present 3 
months. Pathologist reported “scirrhous car- 
cinoma.” Postoperative Roentgen therapy to 
both sides of chest and left a.\illa begun Feb. 
21, 1933. Developed herpes zoster on left side 
on June 8, 1934, Segments involved not 
stated. Died Nov. 17, 1941 of cerebral hem- 
orrhage with no clinical evidence of meta- 
static disease. 

Case 15. J. S., a 49 year old white female, 
had a left radical mastectomy performed on 
Aug. 12, 1932 for a lump which had been 
present 3 weeks. Pathologist reported “scir- 
rhous carcinoma.” Both sides of chest and 
left a.\’illa were irradiated beginning Sept. 12, 
1932. On Jan. 25, 1933 changes were ob- 
served in left lung which were believed to 
represent possible radiation fibrosis. On May 
20, 1933 patient developed herpes zoster on 
left side. Segments involved not stated. Alive 
and well on April 26, 1945. 

Case 16. W. R. T., a 74 year old white fe- 
male, had a right simple mastectomy per- 
formed elsewhere on Aug. 1, 1937. Histologic 
e.vamination revealed adenocarcinoma. Post- 
operative Roentgen therapy begun Feb. 28, 
1938 to right breast and axillary region. De- 
veloped herpes zoster on March 7, 1938 on 
left side. Segments involved not stated. Alive 
and well on April 1, 1945. 

Comment. Fourteen of the patients 
with herpes received preoperative or 
postoperative irradiation with Roent- 
gen rays, or both, onlv 2 receiving no 
irradiation. All 4 of the patients who 
developed herpes without metastatic 
disease were subjected to irradiation. 
Of the latter 4, one developed facial 
herpes 39 months after irradiation of 
the breast and its lymphatic areas, 
whereas the other 3 developed thoracic 
herpes 40, 8, and 1 month resnectivelv 
after irradiation. In view of the multi- 
plicity of inciting agents, the possible 
etiologic role of irradiation must also 
be considered, although it is difficult 
to comprehend the significance of tho- 
racic radiation .in the production of 
facial herpes. In the 10 cases develop- 
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ing metastases who had postoperative 
irradiation, the possible etiologic roles 
of both factors are to be considered. In 
only 6 of these cases was it possible to 
determine the time interval from irra- 
diation to appearance of herpes, the 
figures ranging from 4 to 40 months. 

Twelve of the cases of herpes devel- 
oped evidence of metastatic disease 
either before or after the appearance 
of the eruption. Eleven of these cases 
had some type of breast operation per- 
formed. Of 350 cases operated upon, 
218 (62%) subsequently showed evi- 
dence of recurrent or metastatic disease. 
Thus, the incidence of herpes zoster in 
metastatic disease was 11 cases in 218 
(5.0%), while the incidence in those 
cases not showing metastatic disease 
was 4 cases in 132 (3.0%). Of 56 cases 
of breast carcinoma not subjected to 
surgery because of one or more con- 
traindications, only 1 developed herpes 
zoster, and this case showed metastases. 

The presence of metastatic disease 
was manifested clinically by supracla- 
vicular nodes, cutaneous nodules, or 
rarely cerebral symptoms, while in 
others there was Roentgen evidence of 
pulmonary or bony involvement. All of 
these cases died at home, and unfortu- 
nately no autopsy studies are available. 
However, it is hoped that by calling 
attention to the relatively high inci- 
dence of herpes zoster in carcinoma of 


the ’breast this association will be noted 
more carefully in the future, and care- 
ful clinico-pathologic studies, particu- 
larly including that of the spinal cord, 
may reveal the etiological factors. Too 
often the lesions of herpes zoster are 
noted merely in passing, with no at- 
tention directed to the dermatomes in- 
volved and possible relationship to 
underlying neoplastic or inflammatory 
process. 

Past evidence indicates that the meta- 
static disease merely prepares the soil 
(terrain maladif) for the invasion of the 
virus or causative agent of herpes zos- 
ter, rather than actually causing the 
disease itself. In some cases, knowledge 
of the association of herpes zoster and 
malignancy may aid in the uncovering 
of an otherwise cryptic neoplasm or 
unsuspected leukemia, although di- 
agnosis rarely is a problem in breast 
carcinoma. All patients with herpes 
zoster should be subjected to a careful 
clinical study for possible neoplastic 
disease. 

Summary. Herpes zoster occurs in 
relatively high incidence in carcinoma 
of the breast, especially in those cases 
showing metastatic disease. 

Most of the patients developing 
herpes had been subjected to Roent- 
gen radiation; the etiologic significance 
of radiation and metastases has not 
yet been clarified. 
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Recent years have witnessed a nota- Intraepithelial Carcinoma. Foi- 
ble improvement in the diagnosis of many years cancer of the cervix was 
early cervical cancer. A new disease regarded as an invasive tumor only, 
entity®®’'^’’, “noninvasive carcinoma” or Its intraepithelial stage was not recog- 
“carcinoma in situ”, has been estab- nized until 1933, when Schiller'^'^ pub- 
lished as the earliest known type of lished his historic paper introducing 
cervical cancer, and its detection has the concept of preinvasive cervical 
been made possible through the refine- carcinoma— an intraepithelial surface 
ment of existing diagnostic techniques, cancer which he thought might be the 
These developments may be expected beginning of tlie invasive tumor. To 
to produce a significant decrease in the most pathologists'Schiller’s concept of 
17,000 deaths caused annually by a noninvasive cancer was a paradox, 
cervical carcinoma. Results of treat- But evidence has gradually accumu- 
ment have repeatedly shown that either lated to confirm the malignant 
irradiation or surgery can cure the nature of the preinvasive lesion, 
majority of early cervical cancers; that so that now most gynecologists accept 
neither can cure more than a dis- Schillers hypothesis as an established 
couragingly small percentage of moder- The adjective “pre- 

ately advanced cases; and that the real invasive” is not strictly accurate, and 
hope of improving survival rates lies in a more descriptive term such as, “intra- 
increasingly early recognition and epithelial” or “noninvasive cancer,” or 
treatment. “carcinoma in situ” is more acceptable. 

( 681 ) 
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SuflBcient data are now available for 
an accurate description of the disease: 
It is a preclinical stage of cancer and 
its diagnostic findings are histological. 
Microscopically, the cells have all the 
characteristics of invasive or meta- 
static carcinoma, but there is no 
invasion®; the cellular changes involve 
the full thickness of the epithelium; and 
the adjacent areas of cervical epi- 
thelium frequently show hyperactivity 
of the basal cell layer®'----®-®-'®®'®®’’’. 
The cancer usually begins on the 
cervical portio at or near the mucocu- 
taneous junction; the portio is almost 
always involved to a greater or lesser 
degree and the lesion may spread to 
the adjacent vaginal wall; endo- 
cervical involvement is present in more 
than half of cases and the endocervix 
may be the only area affected^®-'*®-®®. 
The lesion has no characteristic clinical 
appearance’®'®®'®®. Intraepithelial 
cancers have frequently been found 
with benign lesions, but are being 
detected in grossly normal, asympto- 
matic cervices more and more fre- 
quently because of the widespread use 
of diagnostic screening methods®®-®’. 
Although carcinoma in situ is in itself 
asymptomatic, it has often been found 
in conjunction with lesions that cause 
irregular bleeding’®-®®. The average age 
of women with intraepithelial cancer 
is about 38 years- -approximately 11 
years less than that for patients with 
clinical invasive cancer®®-®’ '®®. The 
frequency with which it is being diag- 
nosed is startling. Several investigators 
have reported an incidence of about 
jf were confirmed 

we would have to accept the amazing 


fact that one woman in every hundred 
has a cervical cancer; this seems 
unlikely. 

A number of clinically important 
problems concerning intraepithelial 
cancer remain unsolved. The first is the 
relationship of hyperactivity of the 
basal cell layer to die development of 
intraepithelial cancer. The pathologic 
appearance of the hyperactive cells 
suggests a premalignant lesion®®. A 
smattering of clinical evidence is 
appearing to suggest that this altered 
activity may be precancerous, but 
proof is lacking®®. 

Equally important is the relationship 
of intraepithelial to invasive cancer. An 
increasing number of instances are 
being reported in which invasive 
cancer has developed at intervals, vary- 
ing up to 37 years®®, after an initial 
biopsy that showed carcinoma in situ**. 
Additional evidence that intraepithelial 
cancer is a stage in the pathogenesis 
of invasive cancer is the fact that com- 
plete study of some cervices that were 
found by random biopsy to harbor 
intraepithelial cancer have shown 
areas of invasion later®®. These observa- 
tions, together with the histologic 
picture, are sufficient evidence to indi- 
cate that noninvasive cancer is a stage 
in the pathogenesis of at least some 
invasive cancers. The percentage of 
untreated noninvasive cancers that will 
eventually become invasive has yet to 
be determined and there is no indi- 
cation as to the percentage of clinically 
invasive cancers that were once intra- 
epithelial cancers. It is probable that 
all intraepithelial lesions do not become 
clinical cancers and that all gross 


* Pathologists differ in their use of the term “invasion’’^®.®-. The most reasonable criteria, 
from a therapeutic point of view, would seem to be penetration of the basement membrane 
and invasion of the stroma^®'!®. But some include extension into the cervical glands without 
stromal involvement®®. Additional disorder is caused by the fact that some investigators fail 
to exclude from their reports on intraepithelial cancer, cases of microscopically invasive cancers 
tliat were originally classified as intraepithelial but" were proved to be invasive upon review. 
This confusion of terms and classification will lead to inaccurate statistics and possibly to 
improper therapy unless it is corrected. 

••Galvin and Te Linde®® collected 16 cases from reports of 7 investigators, added 1 of their own. 
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cervical carcinomas are not preceded 
by detectable intraepithelial malignant 
alterations. 

Diagnosis. Since the earliest cervical 
carcinomas "present neither signs nor 
symptoms, their detection depends 
entirely upon the application of lab- 
oratory methods of diagnosis. It is 
fortunate that practical techniques for 
detecting early cervical cancers have 
been perfected simultaneously with 
the establishment of criteria for their 
diagnosis. Although there is only one 
method by which the diagnosis of any 
cervical cancer can be confirmed— 
namely, cervical biopsy (knife cone 
biopsy with curettage)— there are 2 
mediods by which its presence may be 
suspected: random cervical biopsy and 
cytologic smear. The latter has been 
enthusiastically studied and developed 
since it was introduced by Papani- 
calaou in 1928®-. The result is a volum- 
inous literature which has established 
the value of the cytologic smear as a 
presumptive test but has neglected the 
difficulties of its practical application. 

The technique-^'®^®®’®®’®® by which a 
smear specimen is obtained and prepar- 
ed for examination is simple (a speci- 
men scraped from the portio, supple- 
mented by one aspirated from the endo- 
cervix, provides the best sample^-®^). 
Its study and interpretation, however, 
are difficult, time consuming, and 
require the skill of a specially trained 
cyto-pathologist-'-^’-®’®^’®®'®'*. It can 
detect an average of probably 90% of 
cervical cancers— different groups report 
variations in accuracy of from 70% to 
99%— and false negatives are usually 
less than 5%3.2 i..25.28.34.3c.38.g8.85. As a 

screening method, overall accuracy is 
deceptively good, approaching 100%-®, 
because of the overwhelming number 
of benign and, therefore, correctly 
diagnosed, lesions composing die group. 

The cytologic smear method has 
two advantages over biopsy: The first 
is the ease with which the specimen 


is obtained. This simplicity encourages 
its use®®. The second is diat the speci- 
men is composed, at least theoretically, 
of samples from the complete epithelial 
surface of the cervix®"^’®®. The complete 
coverage effected by the smear tech- 
nique accounts for the increasing 
number of early cancers that are being 
detected by smear although missed by 
random biopsy-^-®®. This demonstrated 
ability and the advantages listed are 
the bases for the hypothesis that the 
vaginal smear is the better method for 
discovery of very early cancers^®. 

At present, the practical use of the 
vaginal smear method for cancer 
detection is limited to the study of 
patients with cervical abnormalities or 
symptoms suggesting uterine disease; 
and to the screening of small groups 
of apparently normal women. The 
potential usefulness of the smear 
method as a screening technique is 
unlimited®®-®^'-®®-®'^’®®; but the fulfillment 
of a program for regularly screening all 
women seems impossible when one 
considers the size of the task^®’®®’®®-®'^. 
Since the main difficulty in such an 
undertaking is the time required for 
studying the smear specimens— usually 
estimated as 10 to 15 minutes® ‘—the 
hope of accomplishing it appears to 
depend on further simplification of the 
method®’®'*’®®'®’^. 

The chief disadvantage of cervical 
biopsy is its random character. A 
single biopsy will often miss a minute 
cancer or will depict a carcinoma as 
intraepithelial when in an adjacent 
area it may be invasive. Several modi- 
fications have recently been made in 
the technique of cervical biopsy to 
adapt the method to the detection and 
confirmation of early cancer. Multiple 
biopsies— e.xcising two or more sepa- 
rated segments of cervix have been 
substituted for tire single random or 
“office” biopsy. The value of each 
biopsy has been increased by a change 
in histologic interpretation— cancer 
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elsewhere in the cervix is suspected 
from the presence of abnormal basal 
cell hyperactivity in the biopsy. A 
random biopsy which shows intra- 
epithelial cancer may, therefore, sug- 
gest hidden invasion; one which shows 
abnormal basal cell changes may point 
to a hidden or potential cancer; a 
negative biopsy may have missed a 
small carcinoma and its adjacent 
changes*'. The deficiencies of random 
biopsy and the need for a method of 
confirming tiny cancers detected by the 
smear technique^ have led to develop- 
ment of the most accurate method of 
diagnosing cervical cancer: the knife 
cone biopsy combined witli endocervi- 
cal curettage. Since this is a supple- 
mentary technique which requires 
study of additional cervical tissue, the 
random biopsy or smear should be 
reported before cauterization or electro- 
coagulation of the cervix is allowed 
to destroy the cellular morphology of 
the area under consideration^. The 
endocervix is curetted, following which 
the cervical portio and mucocutaneous 
junction are completely excised. Study 
of this tissue affords unequivocal proof 
of the presence or absence of cervical 
cancer. It should be employed not only 
in cases requiring complete cervical 
study but as a screening method for 
all gynecological patients who are 
operated upon without removal of the 
cervix. Similar laboratory study is indi- 
cated for all cervices that are removed 
incidentally at operation, because they 
mav contain unrecognized cancer. 

If “suspicious” biopsies are followed 
by knife cone biopsies, it is probable 
that the combined study will detect 
almost all cases of cervical cancer. It 
is not difficult to take a random 
biopsy in the office. Combining the 
hvo forms of bioosy seems practical, 
therefore, for both the clinician and 
pathologist and may be useful as a 
screening technique*--^®. Cox et aU- 
in a study of 171 cases demonstrated 


tlie effectiveness of the method. They 
found 7 suspicious cases by random 
biopsy, of which 3 proved to be intra- 
epithelial cancers and 2 early invasive 
carcinomas by the use of knife cone 
biopsy. A similar routine has been 
employed at this hospital for some 
years and, as far as is known, no 
cancer has been missed: 36 cases were 
diagnosed as carcinoma in situ by an 
original biopsy, but complete study'"’® 
showed invasion in IS. 

It is apparent that the 2 methods 
by which early cervical cancer can be 
detected— smear and biopsy— have 
identical aims and indications. Al- 
though the accuracy and practicality of 
each method varies, either can detect 
the great majority of cancers-®. They 
are not competitive methods. When 
both can be employed, the combination 
increases accuracy and is, therefore, 
the ideal method of cancer de- 
tection®--^ ■-®. When only one is avail- 
able or practical in a given instance, it 
should be used confidently but with 
an awareness of its limitations— 
namely, that it may miss cancer and 
that, when the vaginal smear method is 
employed, a positive report must be 
corifirmed by microscopic study of 
sufficient cervical tissue. 

Treatment. With the improvement 
in diagnostic techniques, more and 
more cases of early cervical cancer are 
being discovered. Some are intra- 
epithelial carcinomas, for which there 
is no precedent for treatment. Others 
are early invasive cancers, most of 
which would have been treated in the 
past with Roentgen rays and radium. 
However, dissatisfaction with the 
imperfect results of irradiation and the 
need for a method by which to treat 
noninvasive cancers have caused some 
gynecologists to re-e.xplore surgery as 
a method fm- treatment of cervical 
carcinoma. ‘ 

Because carcinoma in situ is a local- 
ized lesion, it is best suited for surgical 
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excision. Assuming that invasion is 
absent, total hysterectomy with exci- 
sion of a small cuff of vaginal epithelium 
should cure 100% of cases. Although 
trachelectomy may cure some surface 
cancers, the malignant nature of the 
lesion and tlie undiscernible extent of 
its spread indicate the need for a more 
radical type of operation to assure com- 
plete excision of the carcinoma^'^’^. 
Conservation of an ovary is probably 
permissible if the patient is young^^*--. 
To the operative method just described, 
Te Linde and Galvin''^’' have added 
parametrial excision, because of the 
frequency with which microscopic 
malignant invasion is found by study 
of the cervices after their removal. 
This addition increases the hazard of 
operation because it requires ureteral 
dissection. Employment of knife cone 
biopsy will permit proof of the 
presence or absence of invasion before 

final treatment^2.i9, 21,10 jf invasion is 

absent, the more radical procedure is 
unnecessary; if it is present, although 
only microscopically, disregard of 
lymph node metastasis would seem 
unwise. Excision of lymph nodes is an 
essential part of the surgical attack on 
invasive cervical cancer. 

Two types of operations for invasive 
eancer are being investigated in the 
present surgical revival: the so-called 
Wertheim operation^'’ and the regional 
Ivmphadenectomy of Taussig'^^. The 
former includes a group of operations 
in which total hysterectomy and 
bilateral salpingo-oophorectomy are 
combined with the removal of various 
amounts of the vagina, parametria, 
cul-de-sac, and regional lymph 
nodes^'‘k Regional lymphadenectomy, 
when employed as the only surgery, is 
always combined with irradiation 
therapy and is designed to remove the 
jDelvic nodes to which cervical cancer 
metastasizes: the ureteral, iliac, obtu- 
rator, and hypogastric groups’’’*. 

The surgical experiment has been in 


progress for so short a time that com- 
plete results will not be available for 
some years. However, we can reach 
certain tentative conclusions and we 
can define the problems that any re- 
examination of surgery must answer. 

To date, the important conclusion is 
that radical surgery can now be per- 
formed safely in carefully selected 
cases by skillful gynecological surgeons 
trained in the technique of the oper- 
ation. Meigs’*-, who employs surgery in 
10% to 15% of cases, has reported 91 
Wertheim type operations without a 
surgical death. Although this record 
has not been duplicated, it is probable 
that the operation can be performed 
in selected early cases, comprising 
possibly /4 of all cervical cancers, with 
an operative mortality of no more than 
5%8,i7,G4 Brunschwig** is demonstrating 
that extremely radical surgery— com- 
plete excision of the pelvic viscera— 
can be done with a low surgical mor- 
tality rate in advanced cases with the 
help of good modern pre-operative and 
post-operative care. Meanwhile, Taus- 
sig’’’’ and Morton’*'* have demonstrated 
the safety of regional lymphadenec- 
tomy, and Nathanson and Parsons''’’’ 
have developed an extraperitoneal 
approach for removal of regional nodes 
which is equally complete and may 
Drove to be safer than the transperi- 
toneal approach. The most frequent 
serious complication of radical pelvic 
surgery — ureteral fistula — has been 
almost eliminated by preservation of 
the ureteral blood supply *-•’*3. Because 
the mortality rate of irradiation is 
admittedly lower than that of 
surgery-^’’-’*, results showing the safety 
of surgery are an encouragement for 
the continuation of the experiment 
rather than an argument in favor of 
surgical treatment. 

One undeniable indication for e.xcis- 
ing a cervical cancer is the presence of 
a radioresistant tumor. The frequency 
of this tumor type is uncertain; it has 
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been described as uncommon^^-'^^ and 
has been estimated as high as 50%-®--'^. 
It can be recognized clinically by 
observing the response of the neoplasm 
to irradiation, but this is unsatisfactory, 
because by the time an unfavorable 
response is confirmed, the lesion may 
be inoperable or the patient may have 
become a poor surgical risk. Several 
investigators suggest that radioresist- 
ance can be detected preclinically by 
study of vaginal smears or biopsies 
taken during irradiation therapy*®-"'^-®-. 
If this is confirmed a method will be 
available for scientific segregation of a 
group of cervical cancers which cannot 
be cured by irradiation and for which 
radical surgery is the only recourse. 

Radioresistance of metastatic cancer 
in lymph nodes is frequently proposed 
as an indication for Wertheim type 
operation or regional lymphadenec- 
tomy following irradiation^^’^®'®'*'^^-'^-*'^®. 
The degree to which these lesions are 
radioresistant is uncertain. Past clinical 
e.vperience suggested that irradiation 
rarely if ever destroyed cancer in 
nodes®-^®-'*®*®'*'^'*, but more recent 
evidence indicates that it does, at 
least, in some cases^®'®'^. If modern 
irradiation can destroy cancer in lymph 
nodes as frequently as surgery, one of 
the main and historic arguments for 
the surgical treatment of cervical 
cancer is defeated®^. It will be impor- 
tant, therefore, to determine how fre- 
quently modem irradiation can destroy 
metastatic cancer, since surgery can 
eradicate proved lymph node meta- 
stasis in only 20 % of patients®'®^'^^'^®. 
The present re-examination of smrgery 
should answer this question and should 
determine whether lymph node meta- 
stasis is or is not an indication for 
the operative removal of the nodes. 
Meanwhile, the determination of the 
radioresistance of tumors is of practical 
value in determining which patients 
may be benefited by regional lympha- 
denectomy: salvage cannot be in- 


creased by lymph node excision if the 
primary tumor is both radioresistant 
and inoperable®®. 

The argument is sometimes put for- 
ward that curative surgery results in 
lower morbidity and fewer compli- 
cations in early cancer than curative 
irradiation. However, the question is 
not one that lends itself to statistical 
analysis^'*. Clinicians who have had to 
treat a significant number of severe 
post-irradiation reactions may favor 
surgery. Those who have been plagued 
by surgical patients complaining of 
severe bowel, bladder, and ureteral 
injuries or a functionless, short vagina 
may favor irradiation. It has been 
proved that good results with few 
complications can be obtained by good 
surgery performed upon carefully 
chosen patients'*®. But this is also true 
of irradiation therapy, particularly in a 
similarly selected group treated care- 
fully by a competent therapist®®. Many 
of the complications of irradiation 
therapy are due to overtreatment 
resulting from the combined use of 
radium and Roentgen rays^®’”. There 
is recent evidence that early cases do 
not require Roentgen-ray treatment in 
conjunction with radium, and the 
elimination of Roentgen rays from the 
therapy of these early cases may reduce 
the number of complications^®. The 
frequency and severity of therapeutic 
complications that follow various tech- 
niques of treatment with similar 
salvage rates depends more upon the 
judgment, experience, and ability of 
the therapist than upon the method of 
treatment which he uses. 

Since inadequate irradiation therapy 
is followed by poor results, pre-existing 
complications which might prevent 
complete treatment may be important 
indications for surgery. Among these 
are certain cases of pelvic inflammatory 
disease, endometriosis with hemato- 
mata, vaginal stenosis, pelvic tumors, 
pregnancy, emotional disturbances, and 
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lack of cooperation on the part of the 
patient^'^'®’*^. 

It has been suggested that “cure” of 
cervical cancer by surgery is more 
permanent than that by Roentgen 
rays®’'^’^'’®'^’'^'^. Garcia and Melville-^ 
concluded from a study of cases in the 
literature, that this hypothesis is un- 
proved. The premise that excision of 
the malignant cervix will improve 
survival rates by preventing local 
recurrences and the development of 
new cervical cancers seems equally 
questionable^’^’^®’’^-. 

The major part of this discussion of 
therapy has been allotted to the 
surgical method because the revival of 
surgical excision is still new and experi- 
mental and, therefore, of particular 
interest. Surgery may be expected to 
play an increasingly important role, 
particularly in the recently expanding 
field of early cancer. Irradiation, how- 
ever, maintains undisputed supremacy 
as the treatment of choice for most 
cases of cervical cancer. New develop- 
ments, and the lessons learned from 
experience, are making irradiation 
safer and more cancerocidal. Probably 
the most important advance in irradi- 
ation therapy has been establishment 
and application of the concept of tissue 
tumor By 

calculating the irradiation which each 
tumor, its metastases, and the surround- 
ing normal tissue receives, the therapist 
can assure the greatest, safe dose of 
irradiation to each cancer. This feature 
is but a part of an important trend to 
individualize irradiation treatment 
rather than to apply it as an inflexible 
and preconceived pattern to every 
patient. It also includes variations in 
therapy required by incidental compli- 
cations such as debility, sepsis, and 
anemia'^’^'^-®-'®®’®®. Completion of a 
curative course of irradiation may be 
possible only after these modifying 
factors have been corrected. Results 
are further improved by a more precise 


application of therapeutic tech- 

for instance, 
roentgenologic determination of radium 
placement®®’®'^’®^; the development of 
new therapeutic methods®®-®'^’®®’'^®’®®’®-; 
and the prompt recognition and 
treatment of therapeutic compli- 
cations^®’®^-'^^. 

Results. The best method of deter- 
mining the value of treatment methods 
is the analysis of their salvage rates. 
Final evaluation of the modern surgi- 
cal experiment must await a longer 
period of observation. Predictions based 
upon past surgical experience are 
uncertain and might cause undeserved 
prejudices. Past surgical results have 
not equalled those of irradiation; sur- 
gery has effected a 5 year “cure” in less 
than 70% of early invasive cases. Sur- 
gical success will always be limited by 
distant nodal metastasis— not uncom- 
mon even in early cases— and by the 
inevitable incompleteness of the lymph 
node excision^®'®'^'’^^. Preliminary obser- 
vations of the recent surgical experi- 
ment suggest, however, that safe radical 
surgery may attain a cure rate com- 
parable to thnt of irradiation and, in 
certain instances, will cure patients who 
would otherwise die. Experience with 
the combined use of lymphadenectomy 
and irradiation suggests that it, too. 
may improve the chances of survival 
in some cases®®’®®’'^'*''^®’®^’'*'*''’’®. The best 
cure rate which has been proved has 
been obtained by irradiation therapy. 
The absolute 5 year salvage of all cases 
treated by irradiation averaged 35% in 
a recent collective review; that of Stage 
I cases was 73% and a number of inves- 
tigators reported a survival rate of more 
than 80%i-*-2®>®®-'?o. 

Comment. In conclusion it may be 
said that irradiation therapy remains 
the treatment of choice for most 
patients with cervical cancer; that 
results of irradiation may be favorably 
influenced by the addition of regional 
lymphadenectomy; that radical surgery 
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can be done safely and has an increas- 
ingly important place in treatment of 
early cancers, particularly of the non- 
invasive type, and possibly in selected 
groups of invasive cancer; and that 


individualized therapy, is the best 
method of curing die greatest number 
of patients and, at the same time, assur- 
ing their comfort and happiness. 
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The Phosphatases partake in the 
dynamic equilibria of the body 
economy by breaking do^vn enzy- 
matically tlie organic esters of phos- 
phoric acid. They enter actively into 
the intracellular hydrolysis of organic 
phosphates of all sorts, including the 
phospholipids, phosphoproteins, nucle- 
otides, and phosphorylated carbohy- 
drates. They appear to be omnipresent 
in nearly every tissue of the body. They 
are also demonstrable in the circulat- 
ing blood, in concentrations which may 
become increased or decreased in 
certain disease states. Studies of their 
concentration in the circulation have 
proved of practical diagnostic signifi- 
cance, even though the causative 
mechanism of these changes is far from 
adequately elucidated. 

The phosphatases are usually separ- 
able into 3 main groups; phospho- 
monesterases, phosphodiesterases and 
pyrophosphatases. Separation of one 
from another is based fundamentally 
upon the molecular architecture of the 
phosphatic substrates used in the test- 
ing for these enzymes. Some appear to 
be highly specific, such as choline phos- 
phatase, ribonuclease, thymonucleode- 
polymerase, and 5-nucleotidase. The 
phosphomonesterases are the variety 
( 690 ) 


ordinarily found in the blood stream, 
and will receive chief attention in this 
Review. In the ensuing text the term 
phosphatase is used as an abbreviation 
for phospbomonesterase, unless other- 
wise stated. The symbol AP is used for 
“alkaline phosphatase,” and SAP for 
“serum alkaline phosphatase.” 

Types of Phosphatase. Folley and 
Kay®- have described 3 types of 
phosphomonesterases which may be 
found within human tissues. There are 
the alkaline phosphatases with a range 
of activity from about pH 6.0 to 10.0 
and a pH optimum between 9.0 to 10.0. 
These occur in bones, kidneys, liver, 
intestines, mammary glands, lungs, 
blood plasma, and miscellaneous other 
sites. A second type is the acid phos- 
phatases, with a pH optimum of 4.5 
to 5.0, found to some e.\'tent in the 
spleen, liver, pancreas and kidney, and 
to an unusual degree within the pros- 
tate. A third phosphatase, also called 
an acid phosphatase, has been demon- 
strated in the erythocytes. This has a 
pH optimum of approximately 5.3, and 
appears to differ in certain properties 
from the other acid phosphatases. 

Many attempts have been made to 
differentiate these enzymes in the 
various tissues from each other, but 
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without much success. It is probable 
that the phosphomonoesterases are not 
highly specific and that they will attack 
a large variety of organic monophos- 
phates. 

Most of the phosphatases are highly 
sensitive to changes in hydrogen ion 
concentration and can be activated by 
magnesium salts. Many activators and 
inhibitors have been uncovered by the 
biochemists, but this aspect of their 
chemistry is beyond the scope of this 
discussion. In clinical testing all the 
variables are standardized with the 
e.xception of the content of enzyme free 
in the blood plasma. Good reviews on 
the chemistry of the phosphatases and 
their substrates can be found in the 
reports by Folley and Kay^-, Moog®^. 

Chemical Structure. The actual 
chemical structures of the differ- 
ent phosphatases are not known. They 
all appear to have a complex protein- 
ous structure, with molecular weights 
ranging from 6,000 to 10,000. Consider- 
able work has been done which shows 
apparently significant differences in the 
alkaline phosphatases from different 
sources but thoroughly purified prep- 
arations will be needed before the 
uncertainties regarding the nature and 
chemical identity of the phosphatases 
can be resolved. 

Physiological Significance. The 
roles played by the phosphatases 
within the body economy seem to de- 
pend largely on where they are 
situated within the body. The func- 
tions which have attracted ividest 
interest- are tliose concerned with 
absorption of food from the gastroin- 
testinal tract, dephosphorylation within 
the liver, reabsorption of glucose by the 
kidney tubules, and deposition of lime 
salts within the bones. 

Castro-Intestinal Tract. In gas- 
trointestinal absorption, the glycerol 
from the fats is first linked \wth a phos- 
phate ion through the mediation of a 


phosphorylase to form glycerophos- 
phoric acid which is then %drolyzed 
by AP and the glycerol absorbed, AP 
also takes part in the synthesis of 
lecithin from phosphotidic acid and 
choline and in the formation of a 
diglyceride from lecithin. Prolonged 
fat feeding results in an increased SAP 
which presumably is of intestinal 
origin. AP is also concerned with 
nucleoprotein metabolism and cata- 
lyzes the hydrolysis of mononucleo- 
tides to nucleosides and phosphate. 
The nucleosides may then be absorbed 
directly or be hydrolyzed to purines 
and carbohydrates with the aid of 
purine nucleosidase and then absorbed. 
AP also liberates phosphoric acid from 
phosphoserine and from peptones con- 
taining this ester. 

In gastro-intestinal carbohydrate 
absorption, both glucose and galactose, 
and fructose to a lesser extent, are con- 
verted to phosphoric esters in the 
mucosa by phosphorylase. These esters 
are subsequently hydrolyzed by AP 
and the liberated monosaccharides 
enter the portal blood stream. Ali- 
mentary hyperglycemia results in 
increased SAP. 

Kidney. Within the kidney tubules 
the glucose which dialyzes through the 
glomeruli is first phosphorylated in the 
course of tubular reabsorption by the 
kidney phosphorylase-'^. AP hydrolyzes 
this ester so that the glucose can be 
returned to the blood stream. Wilmer®*' 
believes that there is a direct corre- 
lation between the functional activity 
of the renal tubule and its AP activity. 

Bone. AP occurs abundantly in 
embryonic bone and ossifying cartilage 
and in osteoid tissue which ultimately 
will become bone, but not in cartilage 
of the non-ossifying type. It is also 
present in teeth. The enzyme is usually 
though not invariably associated with 
the tissues in which hard structures 
are being abnormally formed®'’. 
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The explanation for calcification is 
much more complicated than being 
simply a chemical precipitation of cal- 
cium and phosphorus as a consequence 
of the presence of AP in some quantity 
in certain tissues®--®*'. AP is present in 
organs which do not normally calcify, 
such as intestinal mucosa, liver, mam- 
mary glands and kidney. Furthermore, 
in rickets, calcification is arrested 
although AP is present in abundance 
in the osteoid tissue near the zone of 
provisional calcification. 

Bone and tooth formation are 
believed to require a “second” or “inor- 
ganic” mechanism. It has been postu- 
lated that AP acts on the diferent 
gluco phosphoric esters to produce 
carbohydrate breakdown products and 
phosphate ions. The phosphate ions 
then combine with calcium ions until 
tlie solubility product of calcium phos- 
phate is exceeded and calcium phos- 
phate is precipitated into the matrix 
of the bone^'. 

E.xcretion. AP is excreted in the 
feces and to some extent in the urine. 
Burgen-- measured urinary AP and 
found it to be scanty and irregular 
with no variation wth age and sex. 
Lawrie®^ has found that a normal adult 
excretes an average of 23.0 units of alka- 
line phosphatase (Bodansky method) 
per gm. dry weight of feces. This pre- 
sumably is derived from the waste AP 
from the bile, succus entericus, and 
others. 

Alk.ali.n'e Phosphatase in Tissues. 
Methods: Determination of AP in 
tissues can be done either by chem- 
ical extraction or histologic staining. 
Most tissues contain both acid and 
alkaline phosphatase. Extractions are 
performed by grinding and macer- 
ating a known quantity of the tissue 
and then autolyzing the mixture for a 
variable period of time in water or 
chloroform-water. The mixture is then 
filtered and the enzyme activity of the 


filtrate is determined by one of the 
methods used in the measurement of 
SAP. Drabkin-® has found that homog- 
enization of the powdered tissues will 
yield much higher activity values. 

The enzyme . was demonstrated 
histologically simultaneously in 1939 
by GomorP® and Takamatsu®®. One 
imbeds the tissue in paraflSn, cuts and 
mounts the section on a glass slide 
and then allows the AP of the particular 
tissue to act on a substrate of sodium 
glycerophosphate and calcium nitrate. 
The glycerophosphate is hydrolyzed 
and the liberated phosphate ion joins 
the calcium ion until the solubility 
product is exceeded and the calcium 
phosphate is precipitated m situ. The 
calcium phosphate is then changed to 
a visible form either by reacting with 
added silver nitrate to form brown to 
black silver phosphate or by reacting 
with cobaltous nitrate to form cobalt 
phosphate which is subsequently con- 
verted to black cobalt sulfide by the 
addition of ammonium sulfide. The 
tissue may then be counterstained. 
Menten et al.^^ have described a 
histochemical azo dye test for kidney 
AP which is said to give results com- 
parable to those of Gomori and Taka- 
matsu. Other modifications have been 
likewise proposed. 

Many variables are inherent in both 
the tissue extraction and the tissue 
visibility methods. Aside from main- 
taining precise control of pH and 
temperature, one must deal with many 
inherent diflSculties such as magnesium 
ion content, and others. Williams®® has 
stated that phosphatase may be acti- 
vated as much as 5,000^ by the proper 
concentration of magnesium ions. 

Few successful attempts have been 
made to correlate SAP and tissue AP 
quantitatively, though it is well known 
that in diseases of either bone or liver 
both the SAP and tissue AP may 
become elevated. 

Bone. AP is found in nearly all grow- 
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ing and ossifying bone. In stained 
preparations it is most abundant in the 
osteoblasts and proliferating cartilage 
cells of the epiphyseal portions of the 
bone and in the cells of the inner layer 
of periosteum in the metaphysis. Most 
of the studies on bone have been 
chemical in nature, for it vi^as not until 
comparatively recently that Barger® 
and Lorch®^ perfected the technic for 
the histochemical demonstration of the 
enzyme in bone. 

Woodard^®^ has demonstrated that 
the average AP content of the cortex of 
adult bone is between 0.04 and 0.15 
units per gm. (Bodansky method) 
while that of children’s bones is 
between 0.16 and 3.3 units per gm. 
Acid phosphatase activity in normal 
bone was barely detectable. Begenerat- 
ing bone may have up to 50 times the 
AP content of normal bone. Bakwin 
and Bodansky® found the AP increased 
in the bone in rickets, fragilitas ossium, 
osteitis fibrosa, osteomalacia, osteitis 
deformans and hyperthyroidism. 

Digestive System. Berliner^® has 
shown the tooth buds of the fuiiterm 
fetus to be strongly positive for AP. 
There was no appreciable enzyme 
activity in adult teeth. Provissimato'^® 
had stated that die AP of adult teeth 
increased in denial caries and pyorrhea 
but this was not verified by Berliner. 
AP has been found in saliva and in the 
salivary gland. The problem of the 
origin of the salivary AP is not wholly 
solved. Smith®® stated that it probably 
came from the desquamated gingival 
epithelium. However, both Zander*®^ 
and Clock®® after extensive studies 
decided that it was probably of bac- 
terial origin, inasmuch as AP has been 
Found in some bacteria. Bray®® has 
suggested ta.\onomic classification of 
the Corynebacteria on the basis of the 
.‘VP reaction. 

The superficial and occasionally the 
deep cells of the filiform papillae of 
the tongue give a positive AP reaction. 


The epithelial cells of the gastric 
mucosa are uniformly negative for AP. 
AP has been demonstrated in all 
portions of the mucosa of the small 
intestine. Koster®® found a decrease in 
the intestinal excretion of AP in non- 
tropical sprue and Heymann'^'^ noted 
decreased excretion of the enzyme in 
rickets, spasmophilia and intestinal 
infantilism, Kosmann®® found the AP of 
the small intestine increased after a 
fat or protein meal and somewhat after 
a carbohydrate meal. He estimated 
that the AP was highest in the duo- 
denum and lowest in the ileum. The 
large intestine has been universally 
negative for AP except for some posi- 
tive capillaries. Kabat and Furth®® 
found no AP activity in the human 
pancreas, but the islets of Langerhans 
are rich in acid phosphatase'’’®. 

Liver. The distribution of AP in the 
human liver was studied thoroughly by 
Wachstein and Zak®®, who found that 
normally the cytoplasm of the hepatic 
cells reacted with only a faint and 
uneven AP stain. The nuclei, including 
the chromatin, nucleoli and nuclear 
membrane, were markedly positive. 
There was a varying degree of AP in 
the sinusoidal walls and the Kupffer 
cells and also in the nuclei of the bile 
duct epithelium. The endothelium of 
the larger veins, small arteries and 
arterioles showed great AP activity 
while the staining of the bile capillaries 
was variable. The liver seems to have a 
higher content of AP than of acid phos- 
phatase, whereas in kidney and blood 
plasma the reverse is true®®. The find- 
ings with respect to the liver are differ- 
ent in different animal species. 

Many studies have been done on the 
alterations of hepatic AP in the liver 
diseases. Gad®® found tliat AP increased 
in tlie dogs liver after ligation of the 
common bile duct. Wachstein and 
Zak®® substantiated tins and found the 
enzyme activity prominent chiefly in 
the bile capillaries. The AP became 
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progressively increased \vith the dura- 
tion of tlie obsti-uction. Wachstein**^ 
found that the AP in human obstructive 
jaundice increased markedly in the bile 
capillaries with little or no increase in 
the hepatic cell cytoplasm. He noted 
that the sprouts of biliary proliferation 
showed no particular enzyme activity. 
Sherlock and Walshe®" found an 
increase of AP in obstructive jaundice 
throughout all parts of the liver e.vcept 
in the connective tissue. 

In liver necrosis Wachstein®^ found 
no appreciable increase of AP in the 
degenerating liver cells. The bile capil- 
laries were devoid of the enzyme 
whereas the proliferating fibroblasts 
and lymphocytes showed a markedly 
positive reaction. In hepatic cirrhosis 
the AP was normal in the undamaged 
cells and showed no increase in the 
necrotic cells. There was a variable 
increase in AP in the bile capillaries and 
in the connective tissues. Sherlock and 
Walshe®“ found a variable AP increase 
in the hepatic cells, and bile canaliculi 
in hepatic cirrhosis and a definite 
increase of the enzyme in the sinus- 
oidal and connective tissue. There was 
a general decrease in the AP in fatty 
livers. In acute hepatitis Sherlock and 
Wulshe^® found an increased AP in 
the hepatic cells, sinusoidal walls and 
jjortal tract. Thannhauser®® found 
decreased AP in the liver in Von 
Gierke’s disease. 

Urogenital System. The AP in the 
kidney is located chiefly in the upper 
part of the proximal convoluted tubules 
and to a lesser e.xtent in the lower 
portions. No AP is seen in tire distal 
convoluted tubules, the loops of Henle, 
the collecting tubules or in the glom- 
eruli (except in the cat). The smaller 
renal vessels are usually positive. AP 
has al.so been found deep in the tran- 
sitional epithelium of the urinary blad- 
der. In experimental hydronephrosis of 
animals the renal AP often shows 
appreciable diminution®®. There is a 


high content of acid phosphatase in the 
prostatic epithelium. 

AP has been demonstrated in the 
endometrium and to some extent in 
the circular muscle layer of the 
myometrium. Dempsey and Wislockr® 
state that the placenta of the sow, cat, 
guinea pig and human all contain phos- 
phatases which will split fructose 
diphosphate, glycerophosphate, lecithin 
and yeast nucleic acid. 

GomorP® demonstrated the presence 
of AP in the lining of the seminiferous 
tubules and in the epididymis. Mac- 
leod and Summerson®® state that AP 
is present in the sperm. Furth and 
Kabat®® showed it to be present in the 
spermatogenic cells and basement 
membrane of the testes. Hexosediphos- 
phatase is present in the nuclei of the 
human vas deferens^®®. 

Blood and Vascular System. There is 
considerable variability of AP content, 
depending on the organ and species 
but in general one usually finds a rich 
deposit in the capillaries, arterioles 
and venules. Zorzoli and StowelP®® 
have found hexosediphosphatase in the 
intima of the human aorta. 

AP activity in the blood and bone 
marrow cells have been studied by 
VVachstein®®. Normally the erythro- 
cytes, lymphocytes, monocytes, eosino- 
phils show no AP, whereas the neutro- 
phils show variable AP. Similarly, in 
the bone marrow, AP was seen only in 
the neutrophils of the myeloid series 
and occasionally in the nucleated red 
cells, erythroblasts. The principal phos- 
phatase in the erythrocytes was shown 
by Behrendt® to be one with maximal 
activity at pH of 4.8 to 6.1 (see later 
discussion). 

In the pyogenic infections neutro- 
phils have an increased AP content, 
particularly in the cytoplasm®®"®^. 
Patients with infectious mononucleosis 
or eosinophilia had no increase of AP 
in these cells. 

Spleen. Davis®^ first found AP in the 
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splenic extracts. Bourne’^® found the 
contents to be in the Malphigian cor- 
puscles and lymphocytes. Kabat and 
Furth^-, GomorF® and Greenstein et 
found AP only in the endothelial 
elements. 

Lymph hJodes. According to Kabat 
and Furth'*- only the endothelial cells 
of the blood vessel walls are positive 
for AP. GomorP® lists the lymph nodes 
as having a variable AP content. 

Nervous System. The AP content of 
the brain seems to be based on the 
degree of vascularity, inasmuch as AP 
is stainable only in the endothelium 
of the blood vessels in the central 
nervous system^®. 

Respiratory System. Kabat and 
Furth'^- and Gomori'^® found a positive 
i-eaction in the brush borders and the 
submucosal glands of the trachea and 
bronchi. There was an occasionally 
questionable AP reaction in the alveo- 
lar septa of the lung and a more or less 
uniformly positive reaction in the pul- 
monary capillaries. 

Endocrine System. AP has been 
found in the adrenal cortex but not in 
the medulla'^®, and especially in the 
zona reticularis”’-. The capillaries are 
also positive. In the tliyroid, AP is 
found only in the capillaries 
Gomori‘‘’ was unable to demonstrate 
AP in the parathyroid. In the pituitary, 
AP is seen in the neurogenic cells of 
the posterior lobe, the capsule and the 
capillaries but not in the anterior 
lobe"’-. 

Miscellaneous. Muscle is uniformly 
negative e.xcept for the capillaries. The 
content of AP in the skin is variable. 
Wilmer”-’ was unable to demonstrate 
the enzyme in the inclusion bodies of 
vaccinia, herpes simplex, fowl pox or 
tracheolarvnsitis. 

Neoplasms. Research into the AP 
content of neoplastic tissue is com- 
paratively new. Landow and associ- 
ates'’'^ studied AP in central nervous 
system neoplasms and found it in tlie 


meningiomas but absent in the astro- 
cytomas, oligodendromas and glioblast- 
omas. Woodard and Higinbotham^'’^ 
found the AP content of osteogenic 
sarcomas highly variable with no cor- 
relation with the histologic structure. 
Benign osteochrondromas and giant 
cell tumors showed no enzyme activity, 
while malignant giant cell tumors 
tended to be positive. Embryonal 
adenomas of the testes^'’® and also thy- 
momas^^ contained AP, whereas malig- 
nant epitheliomas, carcinomas of the 
breast, liposarcoma, malignant mela- 
noma, adamantinoma and hyperne- 
phroma did noF^. Fibroadenomas of 
the breast showed some AP in the 
ducts. Garcinomas of the intestine were 
questionably positive®-. Wilm’s tumor 
has exhibited a moderate amount of 
AP particularly in the stroma®-. The 
cells of acute myeloblastic leukemia 
had no increase in AP and perhaps 
actually showed some decrease com- 
pared to those of the normal person®”’. 
Those of chronic leukemia were con- 
sistently negative®®. Kabat and Furth®® 
could find no AP in the cells of acute 
lymphatic leukemia. A range of AP 
activity from 0 to 115 units per gm. 
(Bodansky method) has been found 
in extracts of osteogenic sarcoma tissue 
by Woodard^®b No correlation was 
found between phosphatase activity 
and histologic structure of the tumors. 
Soft-part metastases from osteogenic 
sarcoma had AP activities of the same 
order of magnitude as the primary 
tumor. The phosphatase of extracts of 
giant cell tumors and of endothelioma 
of bone were active mainly in acid 
solution. 

Acid Phosphatase in Ehythkocytes. 
The acid phosphatase in human ery- 
tlirocytes is distinctly different from 
the acid phosphatase which occurs 
in the blood plasma normally or 
the (probably) other variety which 
appears in the plasma of patients with 
metastasizing cancer of die prostate 
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Studies by Sullivan, Gutman and Gut- 
man®^, Behrendt®, and King, Wood 
and Delory®'', have confirmed the 
individuality of this phosphatase. It 
has a strong activity in the range 
between pH 4.8 and pH 6.1, with an 
optimum at about pH 5.3. Curiously, its 
action upon B-glycerophosphate is 
slow compared to a much stronger 
activity against the phenol phosphates. 
It displays little activity against the 
phosphoric esters of alcohols, glycerol 
and he.voses. With phenolphosphate as 
substrate. King and Armstrong found 
the values in normal persons to be 
from 200 to 400 units per 100 cc. with 
an average of 340 units®®. They failed 
to discover any abnormality in disease 
states. These figures were secured by 
determinations made from blood cells 
laked with distilled water. The cells 
were washed and subsequently hemo- 
lyzed. 

Behrendt has recently reported 
studies made on whole blood, blood 
plasma, hemolyzed erythrocytes and 
suspensions of erythrocytes in saline 
solutions®. When the phosphatase 
activity of hemolyzed cells was com- 
pared with plasma phosphatase from 
the same blood sample it was noted 
that the phosphatase activity of the red 
cells of pH S.9 in terms of units was 
more than twice as great as that of the 
plasma, whereas at pH 4.9 the red cells 
possessed an activity at least a hun- 
dredfold that of plasma. Behrendt’s 
a\’erages for the acid red cell phos- 
phatase was between 94.4 and 305.3 
Bodansky units, with an average of 
159.1 units. These values were some- 
what lower than those of King and 
Armstrong. E.vperiments with whole 
blood revealed that the hvdrolytic 
elfect upon buffered phenolphosphate 
was almost as strong as that of laked 
ciythrocvtes when the blood was pre- 
vented from being hemolyzed during 
the testing period. The acid phos- 
phatase activity of the red cells proved 


to be lower when they were suspended 
in plasma than when suspended in 
saline solution. Inasmuch as washings 
of these red cells were free of enzy- 
matic activity, it was evident that at 
pH 4.9, phenolphosphate must pene- 
trate through the red cell membrane 
in order to be acted upon by the con- 
tained phosphatase. Rustbrunner’^^ 
states that the acid phosphatase of the 
erythrocytes when measured at pH 6.8- 
7.0 fluctuates with age. There is an 
increased phosphatase in the erythro- 
cytes of the newborn which subse- 
quently decreases and then later 
increases in old age. 

Serum Phosphatase Levels. Tests 
for the content of the phosphatases 
in the circulating blood have been 
performed in almost every kind of 
illness and hundreds of studies re- 
corded. Most of the methods of blood 
analysis determine and express the con- 
tent of AP in terms of measurements 
per unit volume of serum, despite the 
fact that within the body the circulat- 
ing enzyme is in plasma rather than 
serum. 

The presence of the phosphatases 
within the circulation is believed to 
result from overflow from the organs 
where the enzyme occurs in large 
amounts, chiefly liver, kidneys and 
bone, rather than indicating physiologic 
functional activity upon the constitu- 
ents of the blood itself. The phosphatase 
contained within the red cells mav 
be an e.\ception. According to this 
interpretation, an elevated plasma con- 
tent of either alkaline or acid phos- 
phatase represents either a lack of 
balance between leakage into the circu- 
lation and excretion by the kidney and 
liver, or else a continuously greater 
current of the enzyme from site of 
origin to site of excretion. Much still 
remains to be learned about the meta- 
bolic cycle of the phosphatases. 

Because the phosphomonoesterases 
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are not highly specific for single 
substrates, it is possible to utilize any 
one of a number of simple phospha- 
tases as substrates for clinical testing. 
The Bodansky method measures, under 
standardized conditions, the liberation 
of inorganic phosphates from B -glycero- 
phosphate^®. One Bodansky unit is 
defined as that amount of enzyme in 
100 cc. of plasma which will liberate 
1 mg. of phosphorus ( as the phosphate 
ion) during the first hour of incu- 
bation under the conditions described. 
With the Kay or Jenner-Kay method, 
one unit represents the liberation of 1 
mg. of phosphorus as free phosphate 
from an excess of disodium B-glycero- 
phosphate at pH 8.8 in 3 hours when 
kept at a temperature of 37.5 
The King-Armstrong method utilizes 
disodium phenylphosphate as substrate 
and measures the phenol in 30 minutes 
under the conditions of the test. Several 
later simplifications of the King-Arm- 
strong technic have found acceptance 
in many laboratories. It is estimated 
that one Jenner-Kay unit equals 
approximately 2 Bodansky units. One 
King-Armstrong unit is approximately 
equivalent to one Jenner-Kay unit. 
Huggins and Talalay*® have proposed 
sodium phenolphthalein phosphate as 
buffer with colorimetric readings of 
liberated phenolphthalein as the index 
of enzyme activity. To escape from the 
need for venipuncture demanded by 
the above methods, Bessey, Lowry and 
Brock^"^ have developed a micromethod 
which can be done on fingertip blood. 
This employs paranitrophenyl phos- 
phate as the substrate, and the results 
are expressed in nitrophenol units. One 
uitrophenol unit is approximately 
equivalent to 1.79 Bodansky units. 

The technics of testing for the acid 
phosphatases are much the same as for 
the alkaline variety except that differ- 
ent buffers are employed in order to 
obtain the desired acid pH of the 
environment. 


Because of the diversity of methods 
in clinical practice, it is especially 
important to know which procedure is 
being employed by the laboratory 
whose services are being utilized, and 
what the limits of normality are, not 
only for that particular procedure but 
for that individual laboratory as well. 

Serum Acid Phosphatase. A small 
amount of acid phosphatase can 
ordinarily be demonstrated in the 
serum of every person, regardless of 
age or sex. An elevation in serum acid 
phosphatase is almost never seen 
except in carcinoma of the prostate 
which has broken through its capsule 
to invade the periprostatic tissue or 
metastasize distantly to bone. The 
source of the increased serum acid 
phosphatase in such malignancies is 
clearly the prostatic epithelium itself 
or the cancerous epithelioma derived 
from it. McWhirter®'^ has described 
slight elevation in serum acid phos- 
phatase in ankylosing spondylitis of 
males. 

The production of acid phosphatase 
by the prostate is influenced to a large 
extent by gonadal activity. It does not 
appear in any quantity until adoles- 
cence is attained, and the amount pro- 
duced can be increased by giving of 
androgens or decreased by giving 
estrogens. 

Large quantities of acid phosphatase 
are present in adult semen. The origin 
of this enzyme seems to largely lie in 
the prostate. Prostatic fluid obtained by 
massage is rich in this enzyme, whereas 
the other secretions which combine to 
make up the ejaculate do not contain 
any and in aspermia the ejaculates have 
phosphatase values as high as ejacu- 
lates containing spermatoza. No other 
body fluid contains acid phosphatase in 
anywhere near the concentration 
reached in the seminal fluid (apar»- 
from the blood in carcinoma of the 
prostate). Riisfeldf^® has applied this 
knowledge to the medico-legal problem 
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of proving or disproving the presence 
of semen in dried spots on clothing. 
The recovery of large amounts of acid 
phosphatase, from such spots, is pre- 
sumptive identifying evidence when an 
accusation of rape has been made. 

Serum Alkaline Phosphatase. Gen- 
erally speaking, the SAP level is 
elevated in osteogenic sarcoma, rickets, 
osteomalacia, generalized osteitis 
itis fibrosa cystica, osteitis deformans 
(Pagets’ disease), pregnancy (especial- 
ly the last months), secondary carcin- 
oma of bone, infectious mononucleosis, 
idiopathic steatorrhea, and jaundice®^. 
A SAP increase, therefore, cannot be 
interpreted as being diagnostic or even 
indicative of any one disturbance, in 
the absence of other pertinent informa- 
tion regarding the patient. 

Alkaline Phosphatase. The origin 
and e.vcretion of the circulating SAP 
is far from settled. Armstrong and 
Banting* suggested that the osseous 
system is the origin of SAP and the liver 
the e.scretory organ. This theory is 
based in part on e.xperiments which 
showed that the removal of the ab- 
dominal viscera either singly or in com- 
bination did not substantially lower the 
level. Bodansky^®, on the other hand, 
has showm that alimentary hypergly- 
cemia results in an increased SAP and 
that induced liver disease without ob- 
struction has the same result. He postu- 
lates that the rise in SAP is of osseous 
origin in bone diseases and of hepatic 
origin in liver diseases. This is sup- 
ported by Gould^h who found that pro- 
longed fat feeding increased the SAP. 
The level of S.-VP tends to remain at a 
more or less constant level from day to 
day, being unaffected by meals and in- 
cidental occurrences^^ 

In animals, ligation of the common 
bile duct results in an increase of both 
S.\P and intrahepatic .\P without an 
increase of .\P in any of the other 
viscera. Similar findings have been 


noted in obstructive jaundice in hu- 
mans, with prominent accumulation of 
AP in the region of the bile capillaries. 
Three theories have been postulated to 
explain tlie increase of AP and SAP: 
(1) The enzyme accumulates because 
of decreased excretion in the bile. (2) 
The AP already present exhibits greater 
activity as the result of formation of an 
“activator substance” or a decrease in 
some “inhibitor substance.” (3) There 
is an unusual formation of AP within 
the liver cells®®. 

Reference may also be made to the 
observations that sera with high AP 
content from patients with obstructive 
jaundice and Paget’s disease, as well as 
from dogs with experimental bile duct 
obstruction, are capable of augmenting 
the AP activity of normal serum when 
these are incubated together for 24 
hours®^'®®. Similarly, when plasma from 
such dogs is injected into normal dogs, 
the elevation in SAP titer which ensues 
is higher than can be accounted for 
by adding the phosphatase activity of 
the injected plasma. In the dog experi- 
ments Cantarow and Miller-® found 
very little of the infused phosphatase 
to be excreted in the bile. This sug- 
gested that a normally functioning liver 
does not actively remove phosphatase 
of this type from the blood and there- 
fore contradicts the hypothesis that it 
originates in extrahepatic tissues. 

Normal Values for SAP in Ghild- 
HOOD. Talbot and associates have 
published the figures on SAP for 70 
healthy children between 2 and 10 
years of age®®-®®. The values ranged 
from 4.5 to 12 units by the Bodansky 
method. The average for the entire 
group was 7.2 units, and there was 
no apparent variation in relation to 
changes in age or between boys and 
girls. These values are essentially the 
same as those found by most workers, 
including Bodansky himself, and by 
common agreement are accepted by 
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most institutions as “normal” In in- 
fants under 1 month of age the plasma 
AP tends to be a little lower than in 
older -infants and children'^’®^. 

Bodansky and Jaffe^'*' were among 
the first to survey the levels of SAP 
in normal children and adults as well 
as in some of the diseases of the bones, 
using the Bodansky method. The aver- 
age for 27 children was found to be 
7.3 units per 100 cc., with values rang- 
ing from 3.1 to 13.1. Values from 10 
to 13 units were common between the 
ages of 10 and 15 years. In about 300 
other children between 1 and 15 years 
of age hospitalized for a variety of 
clinical conditions (excluding anemia, 
malnutrition, jaundice, and known dis- 
eases of bone) the range was approxi- 
mately the same, from 5 to 14 units, 
with an average of about 7.5 units. 
A few of the infants in the first few 
months of life had values of 15 to 20 
units. In contrast the average for adults 
was 3 units with a range from 2 to 4 
units. There was relatively little vari- 
ation in the values between 2 and 10 
years of age. In a 16 year old boy 
with osteosclerosis fragilis generalisata 
( Albers-Schonberg disease) the SAP 
fluctuated from 15 to 21.5 units. High 
values were found in association with 
jaundice whereas anemia gave low 
values. The observations on the chil- 
dren, and on adults with a diversity of 
diseases, made it apparent that in dis- 
eases of the bone the serum plros- 
phatase content becomes higlier when 
there is extensive formation of abnor- 
mal bone or of osteoid tissue. 

Josefsson''l studying 50 normal infants 
under 2 years of age, noted that tests 
made in the summer gave higiier values 
than in the winter. The mean values 
for SAP bv his original micromethod 
were ISO, with the highest and lowest 
values being 310 and 90. In contrast, 
with 32 premature infants weighing 
from 1030 to 2830 gm., the SAP ranged 
from 110 to 620. .More than half were 


above tlie 300 reading. These higher 
SAP values did not correspond closely 
with the few signs of craniotabes and 
other evidences of rickets which were 
evident. The later development of the 
children did not show any relationship 
to the SAP levels. It was concluded that 
SAP determinations are without any 
real clinical value in the care of pre- 
mature infants. 

Vermehren®^ used an original micro- 
method to study SAP changes with 
ages. He too found somewhat lower 
values in the newborn period, with a 
rise at one month and an even greater 
rise at 2 months following which there 
was a slight decline to the first birth- 
day and a further decline until 2 years 
of age. The values from then on were 
much the same from age 2 to age 10. 
In his scale the mean values for the 
newborn were 158, at 1 month 175, at 
2 months 206, and 3 to 5 months above 
235. The curves corresponding with in- 
creasing years ran identically for boys 
and girls until the 10th birthday. Above 
age 10 the girls showed slight eleva- 
tion in the years age 10 to 13 years, 
while the boys had a slight drop at 
this time. Above age 13 the boys ex- 
hibited a rise whereas the girls in turn 
exhibited a drop. 

Stearns and Warweg®^ have reported 
on the SAP values in 124 infants, chil- 
dren and young adults. The plasma 
content was low in the newborn, rang- 
ing from 0.1 to 0.2 (Kav method). At 
one month the mean unitage had risen 
to about the 0.5 level. At 4 and 6 
months this was at the 0.3 level; at 12 
months it was 0.25 and at 4 years it 
had fallen to 0.2 where it stayed essen- 
tially constant, until age 15 when it 
began to sink slowlv to the adult level 
of slightly over 0.1 These figures were 
gathered from e.xclusivelv healthv chil- 
dren. 

Tuba, Cantor, Siemens and Capsev^" 
have reported on the findings of S.'VP 
among lOS school children aged 12 to 
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14 years in tlie neighborhood of Ed- 
mundton, Canada. Using a micrometh- 
od, important variations were found in 
SAP as related to sex, age groups, and 
season. For both children and adults 
the values for male subjects were ap- 
preciably higher than for females. The 
activity of the SAP was approximately 
3 times greater among children than 
in a comparable series of 101 adults. 
The mean values in the spring were 
slightly higher for the boys than in 
the fall ( 13.5 vs. 12.8 ) , whereas for the 
girls the values were 4.1 in the spring 
and 9.4 in the fall. The figures for acid 
phosphatase on these same children 
were 0.61 for the boys and 0.56 for the 
girls, this test being done only in the 
spring. There was a coincident slight 
decline in the level of serum inorganic 
phosphorus in the spring as compared 
with the fall. 

Harrison and associates'*® have de- 
termined the level of AP in blood from 
377 children aged 2 to 18 years, of 
whom 107 were studied in both fall 
and spring. Preliminary analysis showed 
the variations between duplicate de- 
terminations to be usually less than 0.4 

j 

nitrophenol units by the method of 
Bessey, Lowrie and Brach. Day by day 
tests on a number of children showed 
marked constancy with only IS" e.x- 
ceeding the maximum differences in 
duplicate analyses. The SAP levels 
ranged from 1 to 17 units, with a mean 
of 6.3 units. Approximately 84% fell 
between 4 and 9 units. Whether the 
\alues below 3 or 4 units were indica- 
tive of poor nutritional status could not 
be determined. Significant differences 
were not demonstrated behveen fall 
and spring in the 3 groups of subjects 
studied at both seasons, nor did the 
Ie\ els change appreciably during a 6- 
week period of “nutritional condition- 
ing” in a health camp. Values indica- 
tive of active rickets in infants were not 
observed but a number of children had 
activity greater than S nitrophenol units. 


the arbitrary upper limit of normal sug- 
gested by Bessey. There is no evidence, 
however, that these mildly elevated 
values were in any sense related to dis- 
ease states. The levels for boys and 
girls under the age of 10 years were 
similar. A group of children under 10 
years of age who tended to be larger 
than others had mean SAP levels nearly 
2 units higher than the others. 

Adolescence. Differences between 
older boys and girls have been re- 
ported. Bessey (cited by Harrison*®) 
determined SAP levels of over 1000 
children of 11 to 18 years of age. He 
found that the values for the males 
reached the peak at about 14 years of 
age and then dropped, whereas the 
values for girls at 11 years were already 
decreasing. Bessey commented that the 
SAP changes during puberty were diffi- 
cult to correlate with other data such 
as the rate of bone growth or the rate 
of weight change. For example, the 
SAP values in boys were already drop- 
ping at 13 years, an age at which the 
rate of bone growth is still rapid. 
Harrison and associates are inclined to 
attribute the difference between teen- 
age boys and girls to sexmal matura- 
tion*®. The maximum average level in 
girls occurs approximately at adoles- 
cence, and then drops to the levels 
characteristic of the adult. The average 
for the boys drops much less rapidly, 
and many have high values through the 
seventeenth year. 

Bone Diseases. Elevated values for 
SAP are generally recognized as asso- 
ciated with some disturbance of either 
the bones or the liver. Increases are 
often seen in bone diseases which in- 
volve formation of new bone tissue®®. 
Among these are hyperparathyroidism, 
osteogenic sarcoma, Paget’s disease, 
osteomalacia, and osteosclerosis fragilis 
generalisata (marble bones)-®. Essen- 
tially normal findings are obtained in 
most cases of osteomyelitis, bone cysts. 
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achondroplasia, cretinism, and calcin- 
osis universalis. Slight increases have 
been occasionally noted in cases of 
renal rickets. 

One of the earliest workers to point 
out that the SAP is elevated in rickets 
was Smith®^ in 1933. Using Kay’s meth- 
od the plasma phosphatase in 60 in- 
fants with radiologic evidence of rickets 
ranged from 0.41 to 1.29 units with an 
average of 0.772 units. (Control normal 
infants had a range of 0.2 to 0.3 units. ) 
Smith also noted that of 15 infants hav- 
ing various conditions associated with 
cessation of growth, including scurvy, 
marasmus and celiac disease, the SAP 
values were not elevated. 

Stearns and Warweg®"* followed the 
SAP levels of 3 older children with 
late rickets. One was 3 years of age; the 
second, 12 years; the third, 12 years. 
The values for plasma phosphatase 
were elevated at first and decreased 
slowly with vitamin D therapy, though 
were probably still well above normal 
when roentgenologic healing was com- 
plete. 

Bodansky and Jaffe^’’^ found the SAP 
to range between 20 and 190 units per 
100 cc. in 21 children with rickets of 
varying degrees of severity. The values 
were highest in very marked rickets 
(58 to 190 units), less than 20 units in 
mild rickets, and normal in healed 
rickets. When vitamin D was given to 
cases of marked rickets the SAP level 
became stabilized in the high normal 
raiuje and remained there for some 
months before dropping further. This 
'VII s interoreted as indicating that the 
level remains elevated while active 
liealing is in progress and does not 
drop to normal until bone reconstruc- 
tion is complete. 

The most careful study of the rela- 
tionship behveen S-A.P and rickets was 
tliat of Klasmer"’', who found the mean 
\alue of SAP in 320 healthv children 
between 6 months and TA years of a^e 
to be 9.4 units (Bodansky), with\ 


normal range of 5.6 to 15.0 units. Sex 
and age did not influence the results. 
Fifty-five similar infants with active 
rickets were studied; the SAP in this 
group was elevated in all but a few. In 
most of these the readings were above 
20 units. Parallelism was pronounced 
between the severity of rickets and the 
increase of phosphatase activity. In 
500 other children with miscellaneous 
conditions, including many who were 
apparently well, an increase in SAP 
was found in seventeen. Two of these 
had subclinical jaundice, and the third 
had severe bone decalcification. The 14 
other children had increased SAP 
(mean: 16.8 units) but dubious clini- 
cal signs of rickets at the first examina- 
tion. Subsequent studies indicated that 
these children were suffering from 
rickets. Clearcut acute swelling of the 
epiphyses was almost always accom- 
panied by increased SAP. Indefinite 
changes in the epiphyses were usually 
not a sign of active rickets; the mean 
value for SAP in 36 such cases was 
10.77 units and roentgenograms also 
showed no active rickets. “When in- 
creased phosphatase activity is pres- 
ent, with insufficient or completely 
lacking clinical indications of rickets, a 
roentgenogram or repeated determina- 
tions of the phosphatase activity would 
show rickets as the cause. The phos- 
phatase activity of the serum remains 
high tliroughout the period of active 
rickets; the decrease to normal values 
coincides fairly well with clinical re- 
covery, while increase values for phos- 
]5hatase activity mav precede the first 
clinical symptoms^’^.” In Klasmer’s 
hands, as with most other workers, the 
determination of serum phosphorus is 
much less reliable as a diagnostic sign 
of rickets. 

Klasmer found an interesting varia- 
tion in the mean value for SAP in re- 
lation to seasons of the year. Tlie levels 
for tlie control groups of 320 healthy 
children and for 625 other children 
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with poor development showed values 
which were more than 1.5 units higher 
in tlie winter than in the fall. The 
values for spring and summer were 
intermediate between those for winter 
and fall. This was interpreted as indi- 
cating that the SAP level is an indi- 
rect test for vitamin D; that there is a 
clima.x of saturation with vitamin D 
at the end of summer and a relative 
lack during winter even in children 
without any signs of rickets. It may be 
commented in passing that studies on 
the incidence of rickets must always 
differentiate between active rickets and 
healed rickets. Klasmer has attempted 
this differentiation. Most other workers 
have not. 

Barnes and Carpenter*^ have reported 
on 187 infants with clinical signs of 
rickets and histories of low or absent 
vitamin D intake. Using the criterion of 
12.5 mg. phosphatase per cc. as top 
normal, they found that 65.2^ of the 
infants with rickets had SAP values 
above this level. They noted also that 
the level tended to subside as treat- 
ment was given, the average time for 
reaching normal being about 2 months. 

Yieh and Wissler*®-, using Bodansky’s 
method, found the SAP in 17 children 
with severe rickets to range from 14.5 
to 57 units, with a mean of 28.4. In 

15 milder cases the range from 7.2 to 

16 with a mean of 11.2. Interestingly, 
there were two children with fever 
and rickets in whom the phosphatase 
levels seemed displaced downward. 

Barnes, Munks and Kaucher^ investi- 
gated S.AP as an indicator for recov- 
ery in rickets. They found 798 infants 
in the child welfare clinic of Detroit 
over a 6 year period who were con- 
sidered possibly rachitic. Of these, 199 
had an S.\P level of 20 units or more, 
Nvhich was deemed to be sufficiently 
above nonnal to be indicative of 
rickets. Forty-eight of these infants 
were divided into groups according to 
phosphatase ranges and treated with 


vitamin D in cod liver oil or tuna liver 
oil at dosage of 600, 900 and 2400 I. U. 
of vitamin D daily. Each of these liver 
oils at all 3 medication levels caused 
significant drops in SAP by the sixth 
week and all but one by the fourth 
week. When the various groups were 
later compared, no significant differ- 
ences were found in Ae relative de- 
gree of SAP reduction during the first 
6 weeks of treatment. 

Josefsson®^ has recorded the response 
of SAP to the so-called “shock” or 
massive single dose therapy of rickets, 
employing an original micromethod. 
The SAP was raised in 3 children with 
severe rickets, in all but 1 of 8 children 
with moderate rickets and in only 5 
of 26 children with mild rickets. Com- 
parative studies with blood phosphorus 
indicated that the SAP is a better cri- 
terion for the presence of rickets than 
is the low blood phosphorus. Of 21 in- 
fants with increased SAP given the 
massive dose treatment, the values for 
SAP remained high for at least 12 to 
14 days afterwards in all with true 
rickets and fell to normal within 10 
days in the remainder. It was conclud- 
ed that if the values continue high after 
treatment or fall at a slow rate the 
rickets is more severe. 

Van Creveld and Mastenbroek®^ de- 
scribed studies on both acid and alka- 
line phosphatase in rickets following 
injections of one single dose of 500,000 
international units of vitamin D3 as 
treatment for rickets. In 3 infants fol- 
lowed serially from the beginning of 
treatment the SAP dropped from ab- 
normal to normal levels or to top 
normal levels, whereas the acid phos- 
phatase showed a rise which reached a 
ma.\imum 3 to 5 months after the in- 
jection of vitamin D3. By the King- 
Armstrong method the peak values 
were 14, 10.1 and 12 units respectively, 
as compared to more normal values in 
these children of 3.8 to 4.2 units. The 
curves for the 2 sorts of phosphatase 
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did not run parallel. The blood phos- 
phorus level was abnormally low in 
these children at the beginning but 
promptly rose to normal range. In none 
of these children was there abnormal 
or increased values for calcium, choles- 
terol or inorganic phosphorus after the 
injection of D3. 

Saggese, De Luca and Daffi"^® also 
reported on the effects of single large 
doses of vitamin D on recovery of 
rickets. Using the King-Armstrong 
method they noted elevated SAP in 
39 infants aged 9 to 36 months with 
rickets. The range was from 22 to 28 
in mild cases to 21 to 88 in the severe 
cases. Following the injection of 20,000 
to 50,000 I. U. of vitamin D 2 in a single 
dose the SAP declined by 1.5 to 27 
units. 

Scurvy. Schwachman and Gould"^® 
studied the SAP in 18 infants with 
“unequivocal” scurvy, aged 7 to 13 
months. The average value of serum 
phosphatase on admission to the hos- 
pital was 3.2 Bodansky units with a 
range of 1.1 to 4.9 units, as compared 
with the mean value for normal infants 
of approximately 7.2 with a range from 
4.5 to 12 units. A substantial rise in 
this low level became apparent within 
a week following the institution of 
vitamin C therapy, even though vita- 
min D was withheld for the time. The 
SAP after 7 to 29 days of treatment 
ranged from 8 to 19 units. The rise was 
greatest in the child with extensive 
subperiosteal hemorrhages. 

SAP in Nutritional Surveys. Youmans 
and associates'®^ have described the 
results of a nutritional survey of a rural 
population in middle Tennessee with 
respect to vitamin D and calcium 
status. Three of 224 white children and 
8 of 178 colored children had SAP 
values above 12 units (Bodansky). 
There were 12 other children under 12 
years of age who had SAP activity 
above 12 units. None of these had 
rickets. Only 2 were infants, the others 


being 5 to 13 years of age. Seven came 
from 3 families. Only 1 had received 
any vitamin D supplement and that 
only for 6 weeks. It is suggested that 
an elevated SAP in children above 3 
years of age reflects vitamin D or cal- 
cium deficiency, or both. A total of 66 
children imder 15 years of age in the 
white group, and 49 in the colored 
group, had Bodansky units in the range 
from 8.0 to 11.9. These figures were 
interpreted as being “normal” but it is 
not impossible that some of these values 
represent an increase above normal. 
Clinical and laboratory indications of 
calcium deficiency were uncommon. 
The incidence of diagnosed rickets, on 
the basis of the other criteria in this 
study— physical examination especially 
of the skeleton, signs of tetany, roent- 
genograms of some of the bones, and 
phosphatase, phosphorus and calcium 
concentrations in the blood— indicated 
that evidences of rickets were present 
in about 25% of the subjects under 3 
years of age, though in many of these 
the disease was probably healed. What 
makes surveys for calcium or vitamin 
deficiency so difficult is that there are 
few symptoms and signs e.xcept in the 
relatively severe or advanced deficiency 
states. It is unfortunate that in this 
survey the phosphatase test was done 
with only a few of the younger sub- 
jects who had clinical signs of rickets. 

In August 1944 a survey was made 
by Adamson and associates^ of the 
nutritional status of the population of 
Newfoundland, especially in the city 
of St. John’s and several nearby ports. 
The general conclusion was that the 
nutritional status of the people in gen- 
eral was poor, inasmuch as evidence of 
lack of vitamin A, riboflavin and ascor- 
bic acid was seen with great frequency. 
Phosohatase studies were carried out 
on manv of the individuals. Nearlv all 
the values for both children and adults 
were within normal limits. With the 
method of Bessey, Lowrey and Brock^^, 
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the mean level was 4.9 units for chil- 
dren under 18 years of age and 1.9 
units for adults above 18 years of age. 
Only 4.9% of the children had values 
higher than 8 units taken as the top 
normal and only 1.9% of the adults 
were above 3 units which is the value 
of top normal for adults. It was con- 
cluded by the authors that these find- 
ings indicated, in general, an absence 
of vitamin D deficiency within the 
population. 

Hypothyroidism. Talbot®’’ applied 
the phosphatase test to the study of 
patients witli hypothyroidism, follow- 
ing the observation by Bodansky and 
Jaffe’’’^^ that a girl cretin 4 years of age 
witli a normal SAP showed a rise after 
thyroid treatment. The original levels 
for 4 out of 5 such untreated children 
were unusually low (average 3.0 Bo- 
dansky units). These children ranged 
in age from 3 months to 10 years. After 
several months of tliyroid therapy the 
levels of SAP were restored to normal 
(average 8.5 Bodansky units). 

Talbot and associates®®'®** later de- 
scribed the SAP values in 30 infants 
and children with cretinism and juve- 
nile hypothyroidism. In 12 of these the 
levels were studied before thyroid 
therapy. The value for S.\P was lower 
than 4.5 units per 100 cc. for 11 of these 
untreated patients and at 6.0 for the 
12th patient. In contrast, these and 
other patients after receiving thyroid 
therapy had SAP values coinciding with 
the normal range (Bodansky), The 
values later diminished again when 
thyroid tlierapy was reduced or dis- 
continued. Lower levels of SAP were 
not observed in diseases which might 
be confused with juvenile hypothyroid- 
ism or cretinism, with a possible excep- 
tion of a few cases of idiopathic dwarf- 
ism. The average value for S/VP in 8 
children with idiopathic dwarfism was 
6.6 units (range 4.5 to 9.0 units). Men- 
tion is made of the fact that in some 
cases of scurvy, severe malnutrition. 


severe anemia, arthritis, achondro- 
plasia, splenomegaly and abdominal 
tumors there may be a lowering of the 
SAP. Bixby’®'^'* concluded that the 
levels of SAP were normal in mongol- 
ism. Talbot®** concludes that SAP is 
useful as an index of thyroid function 
in children, provided the other diseases 
which may cause a lowering of SAP 
are excluded. 

Hill and Weber^® have reported on 
studies of 23 children showing obvious 
retardation in development and low 
basal metabolic rate due presumably 
to hypothyroidism. The children ranged 
in age from the newborn period to 13 
years. These 23 children showed symp- 
toms of mild hypometabolism clinically, 
and, in addition, either marked osseous 
retardation or low metabolic rates. 
Twenty of the 23 children had SAP 
values of 5.6 Bodansky units or less. 
The 3 others had values between 6.4 
and 6.8 units. In 14 out of 16 control 
children the range was 5 to 9.7 units. 
Two children with normal osseous de- 
velopment and low SAP had minor 
symptoms suggestive of hypothyroid- 
ism. After receiving thyroid therapy 
for one month as a therapeutic test, 
they showed clinical improvement 
along with increased values of SAP 
approaching the normal range. Hill 
and Weber conclude that as much or 
more information can be derived from 
the SAP determination than from the 
serum or plasma cholesterol tolerance 
test in mild hypothyroidism. The chief 
advantage to the SAP test is its com- 
parative simplicity and lack of e.xpense. 

Liver Disease, In adult patients with 
jaundice it is often thought that com- 
plete obstruction of the common bile 
duct is usually associated with a marked 
increase in SAP, whereas hepatitis may 
or may not induce such an increase. 
The fact that adults with incomplete 
obstruction may e.xhibit an increased 
SAP without any increase of serum 
bilirubin is attributed to less efficient 
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permeability of the kidney to phos- 
phatase as compared with permeability 
to bilirubin'^^. 

Rapoport"^® has presented observa- 
tions on 15 children on whom deter- 
minations of phosphatase, along with 
odier tests of liver function, were ob- 
tained in the early stages of infectious 
hepatitis. There were 13 children, rang- 
ing in age from 7 to 14 years. Eight of 
the children were examined the day 
after the jaundice was first noted, and 
the others within the first week of 
jaundice. One of these was diagnosed 
as having hepatitis without jaundice. 
Each child showed a slight elevation 
in the SAP at the time of first testing, 
the values ranging from 14 to 37 units 
(Bodansky). These elevations were 
transient, and as a rule fell to normal 
within a week. There was no appre- 
ciable parallel between the rise in SAP 
and the rise in serum bilirubin. This 
was interpreted as indicating that a 
rise in SAP during hepatitis reflects a 
stimulation in the formative activity of 
the liver rather than a suppression of 
its excretoiy activity. The author sug- 
gests that the more frequent incidence 
of increased SAP in obstructive jaun- 
dice may be due, at least in part, to a 
stimulation by biliary obstruction upon 
formation of phosphatase by the liver 
cells. Reference is made to the obser- 
vation by several workers that infants 
with congenital atresia of the bile ducts 
may have only a moderately increased 
SAP, if any at all. Rapoport suggests 
that in such patients, if the “retention” 
theory be correct, high levels of SAP 
would obtain. The fact that tliere is no 
appreciable increase indicates that the 
element of retention, at least in this 
type of obstructive jaundice, plays only 
a minor role. 

Payne comments tliat in 54 children 
with jaundice, usually of the infectious 
t)’pe, the SAP was often elevated, espe- 
cially in the early stages"^. There was 
no parallelism behveen the SAP and 


bilirubin level or the clinical course. 
While it is diJBficult to draw many con- 
clusions frorn a single test of SAP, 
Payne suggests that children with mild 
infectious hepatitis should not be re- 
garded as cured if the phosphatase 
has not yet returned to normal. 

Gall’s observations in infectious 
mononucleosis may be mentioned in 
this connection^®. Gall performed SAP 
tests on 34 patients with infectious 
mononucleosis (all adults) and found 
significant elevation in all but one in- 
stance. The readings ranged from 8 to 
44 Bodansky units (top normal for 
adults; 4 units). This elevation was 
attributed to altered liver function, the 
reasons being that anatomic lesions 
have been found in the liver in the 
rare case of infectious mononucleosis 
available for such study and abnormal 
results were also shown in other liver 
function tests carried out with these 
same patients. , 

Miscellaneous. SAP has been found 
to be elevated in a case of epiphyseal 
dysgenesis^®. Yieh and Wissler^®- found 
SAP to be normal in children with 
renal rickets and hyperphosphatemia 
whereas it was raised in the hypophos- 
phatemic form of the Fanconi syn- 
drome. This was substantiated by 
McGune®® and workers who found an 
elevated SAP in a case of intractable 
hypophosphatemic rickets. GiU®'^ has 
reported studies on 3 children and 1 
adult with vitamin resistant rickets. 
The 3 children all had markedly ele- 
vated SAP whereas the adult who was 
the mother of 2 of the children had 
normal SAP. Gunther^® found that the 
SAP was normal or slightly elevated 
in a case of rickets resistant to vitamin 
D therapy but increased sharply on 
administration of higher doses of vita- 
min D. SAP was normal in multiple 
cystic tuberculosis of the bone®^ and 
depressed in osteopetrosis-®, osteochon- 
drodystrophy deformans®® and in a 
peculiar osseous disease characterized 
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by areas of increased bone density and 
dilatation of the bone shaft^®. 

SAP has been found depressed in a 
case of progeria®® and in the post- 
acidotic state of infantile diarrhea’*. 
Of 11 children with celiac and celiac- 
like disease, 7 had subnormal values, 
1 with a reading of 2.2 units*®®. One. 
child with uremic vomiting gave a 
reading of only 2.4 units*®®. It was 
normal in both diabetic®’ and pituitary 
dwarfism®*. 

Mason and Henderson®® found a 
normal SAP in a case of glycogen stor- 
age disease. Another case of glycogen 
storage disease was reported to have a 
reading of 15.4 units on one occasion 
and later 2.4 units*®®. In 2 children with 
osseous dystrophy following icterus 
gravis neonatorum, Braid*® noted in- 
creased SAP in association with the 
bone changes and evidence of liver 
dysfunction. In these cases the bone 
dystrophy was ascribed to the failure 
of the liver to store and utilize vitamins. 


Of 6 patients with anemias of vari- 
ous sorts (1 with Cooley’s anemia), 4 
had subnormal values (2.0 units or less) 
and 2 others had low normal values 
(4.0 to 4.8 units)*®®. 

Congenital “Hypophosphatasia.” 
Rathbun’*'^ has described the extra- 
ordinary case of a deformed new- 
born infant whose bones exhibited lack 
of calcification and marked epiphyseal 
enlargement, along with almost ab- 
sent SAP during life and comparatively 
negligible amounts of extractable AP 
in the bones and other tissues after 
death at the age of 2 months. The 
vault of the skull was almost devoid 
of calcium. The low to absent AP 
was believed to be the primary defect 
responsible for the clinical picture and 
the coined term “hypophosphatasia” 
was applied to it. The case report gives 
no information with respect to the 
acid phosphatase content of blood and 
tissues or to any histologic studies \vith 
special stains for the phosphatases. 
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The Effects of Jet Engine Noise on 
the Cochlear Response of the Guinea 
Pig. Irving E. Alexander, Ph.D., and 
Frederick J. Githler, A.B. (Dept, of 
Psychology, Princeton Univ.). Xhis 
work was carried out in the Princeton 
Psychological Laboratory, with the co- 
operation of the Naval Air Experi- 
mental Station, Aeronautical Medical 
Equipment Laboratory, Captain J. R. 
Poppen, M. C., commanding, under 
contract with tlie Office of Naval Re- 
search, as Contract N6-onr-270, Task 
Order III (Project NR 145-322) and 
Bureau of Medicine and Surgery, NM 
003-037. Cochlear potentials were 
measured at various time intervals for 
4 groups of guinea pigs after a 15 min- 
ute exposure to jet engine noise. A 
control (non-exposed) group was also 
tested. The findings are as follows: 1, 
Exposure to the jet engine noise results 
in auditory impairment throughout the 
freciucncy range. 2, Partial recovery 
occurs progressively uji to 3 weeks 
following the exposure. 3, After injury, 
the cochlear potentials are further im- 
paired on the presentation of even 
moderatelv intense sounds. The ex- 
posed ear has been rendered unusually 
susceptible to further injury. 4, There 
is preliminary evidence that indicates 
the possibility that further degeneration 
occurs between 3 and 6 weeks after 
let stimulation. 5. Results based on a 
limited sample disclose that protected 
ears show no immediate effects in audi- 
toiy- acuiH’. However, after a period of 
6 weeks some deterioration is observed. 

Tentative explanations of the results 
are offered, and recommendations are 
made for concerned personnel. 

(70S) 


Simultaneous Comparisons of Alveo- 
lar Gas Tensions Obtained by Various 
Sampling Methods. E. S. Barker, M.D., 
R. G. Pontius, M.D., D. M. Aviado, 
M.D., and C. J. Lambertsen, M.D. 
(Dept, of Pharmacology, Univ. of 
Penna.). POo and pC02 of alveolar gas 
was determined for samples obtained 
simultaneously by various methods: 1, 
Haldane-Priestley end-expiratory; 2, 
Rahn (continuous, end-normal expira- 
tory, from beyond mouth); 3, Tracheal 
(continuous, end-normal expiratory, 
from a catheter introduced through the 
crico-thyroid membrane to the tracheal 
bifurcation); 4, “Effective” method of 
Riley et at (calculation based on ex- 
pired gas, blood pCOa and e.xpired gas 
R.Q.); 5, Alveolar Equation of Bohr 
(calculation by correcting expired gas 
for the effect of the dead space. Sev- 
eral representative dead space values 
were used). E.xpired gas was collected 
in a Tissot gasometer. All gas samples 
were analyzed with the Scholander 
.5 cc. gas analyzer. Gas tensions of 
arterial blood, collected simultaneously 
and analyzed by a direct microtono- 
metric method (modified after Riley 
et al.), were compared with the alveo- 
lar tensions. 

Measurements were made on 11 rest- 
ing, normal, young, adult males. Sam- 
ples were collected during 3 experi- 
mental periods of 2 minutes on each 
subject. The state of rela.xation was ob- 
served by the constancy of alveolar 
pO^ determined with a Pauling tensi- 
meter by the Rahn method. The results 
are summarized in Table 1. 

The variability for each method due 
to variation between different individ- 
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uals and that due to repeated measure- 
ments on the same individual has been 
determined statistically. 

An analysis was made of the statisti- 
cal differences between individual 
measurements obtained by the various 
methods. For p02 there was a statisti- 
cally significant difference between all 
comparisons except: 1, Haldane-Priest- 
ley and arterial blood; 2, Effective and 
Haldane-Priestley; and 3, Effective and 
Tracheal (these 2 show the smallest 
difference). 

For pC02 there were no statistically 
significant differences except that the 
Rahn differed from each of the other 
values. (Since they are not independent 


duced as a means of evaluating other 
methods. Altliough no serious difficul- 
ties were encountered, the method is 
not considered practical for routine 
use. 

Isotopic Studies of the Biosynthesis 
of Nucleic Acid Components. I. Purines 
and Pyrimidines. Milton R. Hein- 
rich’’, Ph.D., D. Wright Wilson, 
Ph.D., and Samuel Gurin, Ph.D. 
(Dept, of Physiological Chemistry, 
School of Medicine, Univ. of Penna. ). 
Carbon dioxide, acetic acid, and glycine 
have been studied as possible precurs- 
ors of the nitrogenous bases of nucleic 
acids and nucleotides in the rat. The 


TABLE l.-ALVEOLAR AND ARTERIAL GAS TENSIONS 


pOs 


pCOs 


Sample or Method 

Arterial Blood 

Haldane-Priestley. End-E.xpiratory 
End-Inspiratory 
Mean 

Rahn et al. 

Tracheal 

Effective (Riley et al.) 

Alveolar Equation. D.S.=.3 X Tidal Vol. 
D.S.=150 cc. 

D.S.=180 cc. 


Mean 

Std. Dev. 

Mean 

Std. Dev 

96.6 

±4.1 

40.5 

±4.4 

98.0 

±5.6 

40.6 

±3.2 

104.3'’ 

±5.7 

38.7» 

±3.5 

101.2'’ 

±5.7 

39.7* 

±3.8 

103.1 

±4.1 

38.6 

±2.4 

99.7 

±3.9 

40.4 

±2.9 

100.3 

±5.5 

40.5** 

±4.4 

99.6 

±4.1 

42.0 

±3.4 

97.6 

±7.1 

43.3 

±5.1 

91.8 

±10.6 

48.2 

±7.4 


“ From a later series (25 measurements on 13 normal resting men). 
Efleetive pCOa is assumed to equal arterial blood pCOa. 


values, the alveolar equation calcula- 
tions were not included in these com- 
parisons. ) 

The significant difference between 
the Rahn and the Tracheal, although 
both were measured simultaneously at 
the same phase of respiration, suggests 
that an ordinary normal expiration is 
not sufficent to wash out the dead 
space. 

The fact that tlie Tracheal and the 
Effective methods show tlie closest cor- 
relation and that these 2 methods are 
entirely independent is indirect e\a- 
dence in favor of values obtained by 
these methods. 

The Tracheal method was intro- 


compounds, labeled with radioactive 
carbon, were administered to rats, fol- 
lowed by isolation of the purines and 
pyrimidines from the tissues, and assay 
of their radioactivity. Nucleotides were 
first extracted from the carcasses with 
cold trichloroacetic acid, hydrolyzed 
and adenine isolated. After removing 
lipids from the remaining tissue, the 
nucleic acids were extracted with hot 
10^ sodium chloride, and hydrolyzed 
to individual purines and pyrimidines. 

After hourly injections of labeled 
NaHCO;j into a rat for 7 hours, a small 
amount of isotope was found in the 
adenine of the nucleotides and in the 
adenine, guanine and uracil of nucleic 
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acids. Tlie isotope was shown by means 
of permanganate degradations to be in 
the noa-ureide carbon of guanine and 
the ureide carbon of uracil. Carbo.Yyl- 
labeled sodium acetate, injected into 
rats for 5 days, gave approximately the 
same degree of incorporation; no iso- 
tope appeared in the ureide or guan- 
idino carbons of guanine. 

Excellent incorporation into the 
purines was observed when glycine 
labeled in the carbo.xyl group was fed 
to rats for 10 days. The isotope con- 
centration was approximately equal in 
nucleic acid, guanine and adenine, and 
slightly higher in nucleotide adenine. 
To determine the position of the iso- 
tope in the nucleic acid guanine, a 
sample was hydrolyzed with concen- 
trated IICl at 200° to give glycine in 
which the carboxyl carbon is known to 
lie derived from carbon 4 of guanine. 
The carbo.xyl of this glycine, obtained 
as COj by treatment with ninhydrin, 
contained essentially all the isotope 
present in the guanine. 

Nucleic Acids and Antibody Produc- 
tion by Plasma Cells. C^ufOLYX For- 
xf.vN, M.D., D. L. Du.xbkix, M.D., and 
M’. E. EnnicH, M.D. (Depts. of Path- 
ologv and Physiological Chemistry, 
Crad. School of Medicine, Univ. of 
Penna., and the Phila. General Hospi- 
tal.) Rabbits were injected with t}'phoid 
antigen into each foot pad, and the 
formation of antibody was compared 
with the changes in nucleic acids in the 
jropliteal Ivmnh nodes. Deso.xyribose 
nucleic acid (DN.\) and ribose nucleic 
acid (PX.\) were determined bv the 
method of Schneider as adanted bv 
Drabkin. Sections of the nodes were 
stained with metlu'l green and pvroniu. 

It was found that DN.V increased 
immediately with the weiglit of the 
node, whereas the peak of PN.-V in- 
crease occurred between the -1th and 
Gth day after vaccine injection when 
antibodv formation Ls at its maximum. 


A study of sections revealed that dur- 
ing the first 6 days of the e.\periment 
the cellular reaction was chiefly that 
of plasma cells. Most of the PNA was 
contained in the plasma cells. The 
lymphocytes began to proliferate in 
significant numbers on the 3rd and 
4th day, and germinal centers began to 
appear on the 4th and 5th day. They 
showed their greatest activity on the 
9th day when PNA and antibody for- 
mation had passed their peaks. These 
results are interpreted as indicating 
that the plasma cell and not the lym- 
phocyte are responsible for antibody 
formation. 


The Standardization of Hemoglobin 
Measurement. David L. Drabkin. (Dept, 
of Physiological Chemistry, Grad. 
School of Medicine, Univ. of Penna.). 
A simplified, reliable procedure for the 
standardization of hemoglobin meas- 
urement, witli hemoglobin iron as the 
ultimate basis of reference, has long 
been needed. There is now convincing 
evidence that the spectrophotometric 
or photometric determination of cyan- 
methemoglobin, MHbCN, is the most 
direct analysis available for total hemin 
or hemoglobin iron^. Tedious and 
exacting standardization procedures 
may be circumvented in the calibration 
of commonly used photoelectric filter 
photometers for the accurate measure- 
ment of hemoglobin concentration. 
This is done by employing estab- 
lished ratios of optical density, D, at 
a suitable wave-length (green spectral 
region; filters with ma.ximum trans- 
mittancy at 540 m,u and at specified 
concentrations, for MHbCN or for 
o.xyhemoglobin, HbO:.., and a standard 
solution of cupric ammonium sulfate, 
Cu, prepared gravimetrically and volu- 
metrically- from a good grade of com- 
mercial cupric sulfate, CuSO^ SPDO. 
Such calibration ratios or factors are; 


?M„„CN/Pc. = 1““. = 

0.963 (applicable to the Klett-Summer- 
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son photometer), and 0.857 and 0.890, 
respectively (applicable to the Evelyn 
instrument). The factors were estab- 
lished for hemoglobin at a concentra- 
tion of 0.0358 mM/L (0.0598 gm./lOO 
ml., i. e., blood, originally containing 
exactly 15.0 gm. of hemoglobin per 
100 ml, diluted 1:251) and for the 
copper standard at a concentration of 
0.012 M/L. An example of the use of 
the ratios follows: in a Klett-Summer- 
son photometer, the copper standard 
yields instru- 

ment, a~blood sample, originally con- 
taining exactly 15.0 gm. of hemoglobin 
per 100 ml., diluted 1:251 (and con- 
verted to MHbCN), would give the 
value 210 for ?Cu 

established factor, or 2.06 x 1.020). 
This simple procedure effectively cali- 
brates the instrument for hemoglobin 
measurement. 

It has appeared desirable to go a 
step beyond this procedure, and pro- 
vide a relatively permanent glass 
standard. For this purpose a stable, 
Corning blue glass filter, f. No. 4305, 
4.2 mm. thick, cut into appropriate size 
and shape, and suitably mounted in 
metal jackets for adaptation to the 


Klett-Summerson or Evelyn instru- 
ments, has been employed. For these 
particular filters, as an example, 
D_/D, = 1.190. D /D is, of 
course, obtained from the determined 
values of the copper standard 
and standard glass filter for each 
instrument. In this case, D = 206, 
D‘^ = 173, and, hence, = 

1.190. Now, since the established factor, 
? MHhCN ~ 1-020, D f 

must equal 1.020 x 1.190, or 1.214. 

In using a new glass filter, it must 
either be pre-calibrated, i. e., the 
PMHbCM/Pt “ Pmo. /P, ratios must 
be furnished, or the glass must be cali- 
brated against the copper standard, as 
above, and the hemoglobin to glass 
factor obtained from the established 
ratios of /Pcu ?Hb 02 ^?Cu' 

Both the copper solution and cali- 
brated glass serve as desirable instru- 
mental performance standards, to be 
used periodically, as well as for the 
calibration of the instrument for hemo- 
globin measurement. The same method 
has broad photometric applicability, 
and may be suggested for many other 
methods, besides hemoglobin. 


REFERENCES 

1. Drabkin, D. L.: Am. J. Med. Sci., 209, 268, 1945; Proc. Fed. Am. Soc. Exp. Biol., 4, 88, 
1945. 

2. Ibid.: Am. J. Med. Sci., 215, 110. 1948. 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 


Manusciupts intended for publication in The Aaiekican .Journal op the Medical Sciences, and 
correspondence, should be sent to the Editor, Dr. Edward B. Kru.mbhaar. School of Medicine, Uni- 
versity of Pennsylvania. Philadelphia 4, Pa. Articles are accepted for publication in The American 
Journal op the Medical Sciences exclusively, except in the case of subsequent publication in Society 
proceedings. 


Manuscripts should be typewritten on one side of the paper only, and should be double spaced 
with liberal margins The author s chief position and, when possible, the Department from which 
the ^\ork is produced should be indicated in the subtitle. Illustrations accompanying articles should 
bo numbered and have typed captions bearing corresponding numbers. For identiBcation they should 
also have the author s n.mue written on the margin or back. The recommendations of the American 
Medical .-Issociation Style Book should be followed. References should be numbered and at the 
end of the arUdcs arranged alphabetically according to the name of the first author and should be 
complete; that is, author .s name, journal, volume, page and year (in Arabic numbers). 

'scripTia^accep^ed'^'^ should accompany aU manuscripts but will be returned to the author if the manu- 




BOOK REVIEWS AND NOTICES 


Acclimatization in the Andes. Histoiucal 

CONFlllMATlON OF “CLIMATIC Ac.GKESSIOn"’ 

IN the Development of Andean Man. By 
Carlos Monce, M.D., Univ. of San Marcos, 
Lima. Translated by Donald F. Brown, Pli.D. 
Introduction by Isaiah Bowman, Johns 
Hopkins Univ. Pp. 130. Balt.: Johns Hop- 
kins Press, 1948. Price, $2.75. 

The content of this small book is well 
expressed in its subtitle. The author, a scien- 
tific phvsician and former Dean of the Medi- 
cal Faculty at Lima, has for many years 
studied "climatic aggression” (i.e., the effects 
of "air temper”) on Peruvian coastal dwellers 
and Andean uplanders. ( The word “air- 
temper” is a valuable adaptation of the 
"temple” of the old Spanish chroniclers, used 
to indicate the general state of the air- 
temperature, humidity, atmospheric pressure, 
etc.) The autlior makes a vigorous plea for 
the use of the knowledge gained to improve 
the physical condition of Peruvians. E. K. 


I’u.xctical A.spects of Thyroid Disease. By 
CiEoucE Chile, Jr., M.D., Cleveland Clinic. 
Pp. 353; 101 ills. Phila.: \V. B. Saunders, 
1949. Price. $6.00. 

DR.x\xT.Nr. from his e.xperienco in the surgi- 
cal treatment of appro.\imately 1000 patients 
with disea.ses of the thyroid, the author pre- 
sents a concise, lucid treatise on thyroid 
dise.ise. The mode of action and present 
.'•tatus of the anti-thyroid drugs in the treat- 
ment of hyperthxToidism is discussed and 
tliere is a detailed account of the preoperu- 
tive and posloper;itivc care ;ind technic of 
thxroidectomy. A large section of the mono- 
graph is ilevoted to malignant tumors of the 
thx roid. 

Owing to controxersial opinions currently 
existing, the author’s x'iexvs relating to such 
problems ;ls the use of the anti-thvroids in 
the treatment of hyperthyroidism, the value 
of radioactive iodine, and the treatment of 
cancer of the thx roid may not be generally 
acci-plahle, hut he acknoxvledges the fact 
lh.it .Miiiieient time has not yet elapsed to 
ex.ilu.ite completely the newer forms of 
therapy. The imjxirtance of having a team 
of specialists skilled in surgery, internal tnedi- 
tine. Hoeiitgen therapy, and nuclear physics 
in studving thx roid disease is stressed. I.R. 
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NEW BOOKS 

Nursing of the Sick— 1893. By Isabel A. 
Hampton and Others. Pp. 218. New York: 
McGraw-Hill, 1949. Price, $3.50. 

Neurological and Neurosurgical Nursing. By 
C. G. DE Gutierhez-Mahoney, M.D., 
Assoc. Prof, of Neurology, Vanderbilt Univ. 
School of Medicine, and Esta Carini, 
R.N., B.S., Neurological Inst., Presby- 

terian-Columbia Medical Center, New York. 
Pp. 516; 51 ills. St. Louis: C. V. Mosby, 
1949. Price, $5.75. 

Thijroid Function as Disclosed hij Newer 
Slethods of Study. Edited by J. H. Means, 
and 12 Others. Pp. 229; illustrated. Ann. 
Nexv York Acad. Sci., 50, 279-508, 1949. 
Price, $3.00. 

Safer Ways in Nursing. By Joint Tubercu- 
losis Nubsinc Advisory Service. Pp. 108. 
New York: National Tuberculosis Assoc., 

1948. Price not given. 

British Encyclopaedia of Medical Practice. 
Medical Progress, 1949. Edited by Rt. 
Ho.v. Lord Hordeb, Physician to the King. 
Pp. 431. London: Butterworth & Co., Ltd., 

1949. Price not given. 

As in earlier volumes. Medical Progress is 
treated under Critical Sur\'eys (121 pages covering 
12 fields of medicine); Drugs, the British Pharma- 
copoeia 194B ( 17 pages > and Abstracts, ranging 
from Abdominal Pain through Whooping Cough 
(250 pages). 

Medical Clinics of North America. Nation- 
wide Number. Pp. 313; 30 ills. Philadel- 
phia: W. B. Saunders, March, 1949. Price, 
$15 a year. 

This volume presents a symposium on treatment 
of long-term illness. It discusses such subjects as 
hypertension, vascular diseases, heart failure, tuber- 
culosis, non-tubcrculous lung diseases, asthma, dia- 
betes, blood dyscrosios and other chronic problems. 
Most of the presentations avoid quoting experimen- 
tal work and confine themselves to practic.il clinical 
discussions. Tliere are excellent articles on Chronic 
Illness and the Constitutionally Inadequate, Mas- 
terj* of Long-Tcnn Illness, Planning for Long- 
Term Illness and The Patient >vith Long-Term 
Illness as a Surgical Risk. Tliis volume maintains 
the high standards of UiLs scries. H. H. 

Introduction to the Szondi Test. By Susa.n 
Deri. Forexvord bx' Dn. Lipot Szondi. Pp. 
3.34; 19 Qgs. Nexv York: Grune & Stratton, 
1949. Price, $5.00. 
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